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ABSTRACT
Bottom sediments, suspended sediments, and water were sampled 
along 130 miles of the Buffalo River in northern Arkansas. The water 
and acid extracts of the suspended sediments and the minus 95 mesh 
fraction of the bottom sediments were analyzed by atomic absorption 
spectrometry. All samples were analyzed for Na, K, Mg, Ca, Zn, Cd, 
Cu, Pb, Fe, Co, Cr, Ni, and Mn. Selected bottom samples also were 
analyzed by As, Hg, and Zr. Zr was determined by x-ray fluorescence. 
Li and Sr were determined for selected water and suspended sediment 
samples. There is a general decrease downstream in Fe, Cu, Cr, Ni, 
Mn, Pb, K, and Na in the bottom sediments as the drainage area in­
creases in carbonate rock and decreases in shale. The elements Mg, 
Ca, Zn, and Cd increase in bottom sediments downstream. The values 
for these elements in the water, especially the major elements, also 
correspond closely with the geology of the region. Tributaries are 
sites of abrupt rise and fall of metal values, within a few miles, 
from background to anomalously high values to background, especially 
tributaries draining Zn and Pb mineralized areas.
The bottom sediments are mainly quartz and chert grains. These 
grains apparently are coated with hydrous iron oxide which acts as a 
sorbent for many of the elements and is a dominant transport mechanism 
for acid extractable Co, Cr, Ni, Cu, Mn, and K. Other acid extractable 
metals, particularly Mg, Ca, Zn, Cd, and Pb, are mostly in clastic grains. 
Graphic representation of the Langmuir equation for Mn is consistent with 
adsorption of Mn by iron in both bottom sediments and suspended sediments.
On the basis of the volume of water collected, all the elements 
except Fe are more concentrated in the water than in the suspended 
sediments. Fe concentration of the suspended sediments increases with 
increasing flow because the suspended load is increased. The Mn/Fe 
ratio of the suspended sediments is approximately equal to or greater 
than that of the bottom sediments. The Mn/Fe ratio of suspended sedi­
ments relative to that of the bottom sediments increases downstream, 
possibly because of an autocatalytic effect of Mn precipitation.
The relationship between sediment and water concentrations is not 
clear from the data because of the restricted concentration ranges for 
some elements in the suspended sediment and water. The sediment from 
the Buffalo River can be used to estimate grossly the concentration of 
elements in the water.
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INTRODUCTION
The Buffalo River of northern Arkansas originates in Newton County, 
35 miles southeast of Harrison, Arkansas. It flows generally northeast 
150 miles and ends 40 miles east of Harrison where it enters the White 
River at Buffalo City in Marion County (Fig. 1). Along most of its 
course it is characterized by meanders and steep bluffs 400 to 600 feet 
high. A mantle of white oak, pine, walnut, cedar, and other timber 
covers the hills surrounding the river. Because of its scenic beauty 
and fair fishing, the Buffalo River is very popular for canoe float 
trips.
Under Public Law 92-237 the Buffalo River became a National River 
under the auspices of the National Park Service. Increased recreational 
use of the stream is expected which may alter the quality of the water. 
A baseline of the present water quality of the river is thus of interest 
to the National Park Service. A contribution of baseline data is one 
aim of the research described in this report. Water quality and ecology 
are of nationwide concern. Therefore another aim of the research is to 
contribute fundamental knowledge that serves the national interest.
The specific goal of the investigation was to measure the concen­
trations of the following 13 metals in the bottom sediments, suspended 
sediments, and water of the Buffalo River: Na, K, Mg, Ca, Fe, Ni, Mn, 
Cu, Cd, Cr, Co, Pb, and Zn. The first four are related to the geology 
and mineralogy of the area, whereas the last nine are potential pollu­
tants. In a recent U. S. Geological Survey (Durum et al., 1970) the 
last seven metals were used in a nationwide reconnaissance of water
Figure 1. Location of sample stations. Location of Buffalo River is shown in inset.
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3quality. Zr was determined in selected bottom sediment samples. Hg and 
As were present in detectable quantities only in the bottom sediment. 
During the latter part of the project Li and Sr were determined in the 
suspended sediments and water samples.
Water quality usually is measured directly by analysis of the water. 
However, the results are subject to much variation depending on the 
season, recent rains, river level, local temperature, aeration, etc. 
A basis for the present investigation is the hypothesis that an analy­
sis of the sediment from the river bank or bottom should give an inte­
grated measure of water quality, particularly the average and potential 
quality of the water. This would be true if the sediments were 
dynamic chemical constituents of the water, i.e. dissolving or pre­
cipitating and sorbing or desorbing ions depending on the concentra­
tions in the water. The hydrous iron oxide coatings of the sediments 
and clays are important in the sorption process. Physically, through 
Stokes' Law, the sediments are in dynamic equilibrium with the suspended 
matter of the streams, i.e. settling at low linear stream velocities, 
but resuspending and moving downstream at high stream velocities.
Gibbs (1973), in a study of the Amazon and Yukon Rivers, found that 
the suspended material and its coatings accounted for most of the trans­
port of iron, nickel, cobalt, chromium, copper, and manganese in those 
rivers. Other studies of this type (Perhac and Whelan, 1972; Turekian 
and Scott, 1967) have been less conclusive as to the predominance of 
suspended matter in the transport of trace metals, but have shown a 
significant role for it.
4Two very different types of sediment grains are involved. One is 
inert except for its coating. An example would be an iron oxide coated 
quartz grain. The second type of sediment grain is a mineral grain 
such as galena or smithsonite. Such a grain is a concentrated reservoir 
of heavy metal which by attrition can contribute fine clasts to the 
stream load and by corrosion can contribute to the soluble heavy metal 
load of the stream. Humic acids are adept at chemically attacking such 
minerals (Baker, 1973; Bondarenko, 1972).
GEOLOGY
Because elemental variation correlates with the rock types of the 
area, it is helpful to summarize the geology of the Buffalo River. The 
Buffalo River flows northeast along the northern edge of the Boston 
Mountains. It dissects the Springfield Plateau and drops from an eleva­
tion of about 2,000 feet at its source to 500 feet at its confluence 
with White River. Along much of its course it has cut from 400 to 600 
feet below the Springfield Plateau and in its upper part in the Boston 
Mountains it is in a gorge 1,400 feet deep. The drainage area is 
characterized by a maze of long, narrow, fairly level-topped ridges 
of irregular pattern capped by the Boone Formation. Because of the 
canyonlike character of the valleys, spring and fall storms produce 
high floods. The Buffalo River at Gilbert, on August 18, 1915, rose 
54 feet above the low stage (Mcknight, 1935).
All rock types of the Buffalo River area are of sedimentary origin 
and are mainly those of the Ordovician, Mississippian, and Pennsylvanian 
Systems. Units of Silurian and Devonian age are mostly absent as a 
5result of erosion or nondeposition. Ordovician-age strata include the 
Cotter, Powell, Everton, Jasper, St. Peter, Joachim, Plattin, Kimmswick, 
Fernvale, and Cason Formations. Mississippian-age strata include the 
Boone, Batesville, Fayetteville, and Pitkin Formations. Early Penn­
sylvanian strata of the area include the Hale and Atoka Formations. As 
the Buffalo River flows downstream it passes from a shale, limestone, 
chert environment to a sandstone, limestone, dolomite environment.
The richer zinc ore deposits are present either in the Everton 
Formation, of Early Ordovician age, or in the Boone Formation, of 
Mississippian age. The maximum thickness of the Everton is 400 feet 
and it is composed of limestone, dolomite, and sandstone. The Boone 
Formation is about 350 feet thick and is limestone and chert. Other 
mineralized strata are in the Cotter dolomite and Powell dolomite. The 
strata have a slight regional dip of about 0.5° to the south. Faulting 
and gentle folding are present locally. The faults are normal and are 
in two major systems, one trending northeast and the other trending 
east-southeast. Many of the faults form grabens.
Many old mines and known deposits of zinc, lead, and copper dot 
the drainage area of the Buffalo River. These deposits are most exten­
sive in the area from Gilbert to Buffalo City. One of the best known 
mining areas is along Rush Creek, a tributary of the Buffalo River 24 
miles upstream from White River. Mines, mills, and reduction plants 
were in use there as early as 1851, but were most active from 1914 to 
1917. The Boxley-Ponca Lead District was mined intermittently from 
1860 to 1920 (McKnight, 1935).
6The Rush Creek area alone has produced more than 25,000 tons of 
concentrates, mainly zinc carbonate and a smaller amount of zinc sili­
cate and sulfide. An old mill and its tailings pile stand today on the 
banks of Rush Creek at its confluence with the Buffalo River. Lead 
sulfide concentrates produced amount to less than 10% of the zinc in 
the northern Arkansas mining district. Along the Buffalo River lead 
ores are mostly in the headwaters region and one known deposit is near 
Water Creek, a tributary. Copper ore is much less common than zinc in 
the Buffalo River area and is mostly along Tomahawk Creek, a tributary.
7BOTTOM SEDIMENTS
Sample Collection and Preparation
Samples of bottom sediments were collected from eight stations and 
three tributaries draining major mining districts (Fig. 1, Table Al) on 
5/22-23/73, 6/9/73, 6/24/73, 3/12/74, 5/21-22/74, 6/17/74, 8/19-21/74, 
12/20-21/74, and 3/6/75. Samples were collected by canoe along a limited 
part of the river from the State Park (now Buffalo Point) to Rush, Arkansas, 
on 2/4/73. Two float trips were made on 7/20/73 and 7/31/73 along the 
lower 60 miles of the river (from Gilbert to the White River). Samples 
were collected approximately every two miles along this part of the river 
and upstream in major tributaries in order to establish element variation 
in the river bottom sediment and between the river and tributary samples. 
Samples also were collected in a similar manner in the Ponca-Boxley 
District on 1/18/75.
Sediment samples were taken from the river or tributary bottom or 
bank generally just below the water line. Sampling sites near steep banks 
were avoided because of possible soil contamination from above. Sediments 
were taken by plastic shovel and placed into a one liter polyethylene 
bottle. Excess water was removed by draining and blotting and finally 
air drying. After oven drying at 105°C and cooling, the sediments were 
sieved through a 95 mesh nylon screen and the fine material was collected 
for analyses. A Plexiglas sieve was used to avoid metal contamination. 
One hundred to 500 g of bottom sediment was screened to yield about 10 g 
of fine material. The Plexiglas sieve was cleaned carefully between 
samples. All parts except the nylon screen were rinsed in distilled 
8water and dried. The nylon screen was cleaned by shaking and rubbing 
because the use of water distorted the dimensions of the nylon openings.
Petrographic Description
A petrographic examination was made of samples 1 to 6 (Table Al).
The minus 95 mesh fractions were used and were viewed in a 1.57 refrac­
tive index liquid. Quartz grains and chert grains were the major com­
ponents, with quartz predominating. Liquid inclusions in the quartz and 
overgrowth on the quartz grains were prevalent. About 5-10% of very fine 
material (3-6 micron diameter) was present. The largest grains in the 
fine fraction were about 150 microns in diameter and corresponded in 
size to the opening of 95 mesh. Approximately 5-10% of the grains were 
opaque and probably organic. Some magnetic grains, probably magnetite 
and/or iIlmenite were present. Samples collected farther upstream in the 
Ponca-Boxley Mining District (Table 14) were similar but contained up to. 
25% shale fragments in the upper part of the Buffalo River; shale frag­
ments diminished to about 10% near Ponca.
Effect of Grain Size
Although it is well known that the heavy metals are concentrated in 
the finer particles (80 mesh or finer; Hawkes and Webb, 1962), one set 
of analyses was made to demonstrate this conclusion for the Buffalo 
River sediments. In Table 1 the acid soluble metal content in the 
greater than 95 mesh fraction is compared with that in the minus 95 mesh 
fraction of one sample. Both fractions were powdered and given the 
standard room temperature aqua regia treatment described hereafter.
9(ppm except Fe which is weight percent).
Table 1. Effect of particle size on acid extraction analyses
Sample Na K Mg Ca Zn Cu Pb Fe Cd Co Cr Ni Mn
5, -95 mesh 40 172 826 2,740 306 4.0 5.8 0.724 2.07 4.9 4.0 6.4 175
5, +95 mesh 20 34 600 2,308 151 1.0 3.8 0.180 1.07 2.1 <.3 <1.0 57
Parts/1000 Parts Fe*
5, -95 mesh 0.59 0.62 — — 0.62 1.4 1.2 17
5, +95 mesh 0.59 0.16 — — 1.1 0.4 <1.0 21
* . Aqua regia extraction values corrected to total metal on the 
basis of Table 4.
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Table 1 shows lower values for all metals in the plus 95 mesh 
fraction. This finding would be expected for iron oxide coated par­
ticles because of the reduced surface area for the smaller surface 
area to volume ratio. A lesser effect for magnesium and calcium in 
comparison with the other metals would be expected if the density of 
grains were a controlling variable. Because this is generally so, 
relatively more dense particles (calcite and dolomite are denser than 
quartz) apparently concentrate in the fine material. Sodium and 
potassium, however, are concentrated to the same degree (2/1) as 
several of the heavy metals, which suggests a greater influence of 
small particle size in their case. Clays are probably the most im­
portant factor.
Effect of Grinding
The minus 95 mesh parts of the first two sets of samples were ground 
to a fine powder before acid treatment. The powdering was the same as 
that done to samples being prepared for x-ray fluorescence analysis. 
The Spex Industries (Catalog No. 8000) pulverizer was used, which em­
ploys an alumina jar and an alumina ball mounted on a motor driven shaker. 
Samples of 5-7 g were shaken in the pulverizer for 15 minutes. The effect 
of this comminution is shown in Table 2 for the standard room temperature 
treatment with aqua regia. All conditions except powdering were the same 
for all the samples. The metal extractability was improved by powdering 
only in the case of sodium and potassium. This result is due to mech­
anical disruption of the liquid inclusions in the quartz grains and/or 
improved solubility of smaller feldspar grains. Sulfate possibly re­
leased from the inclusions may cause precipitation of calcium and lowering
11
Table 2. Effect of powdering sediments before atomic absorption 
analysis (ppm except Fe which is weight percent).
Sample Powdered Na K Mg Ca Zn Cu Pb Fe Cd Co Cr Ni Mn
1A No 0 90 575 1,115 80 2.5 5.8 0.836 0.47 0.38 5.5 4.5 185
1A Yes 16 182 564 865 68 3.0 5.8 0.836 0.62 0.38 10.0 6.4 162
3A No 0 84 500 804 50 2.0 4.5 0.761 0.47 0.38 8.5 4.5 168
3A Yes 26 160 463 554 50 2.0 5.8 0.686 0.47 0.38 3.0 4.5 140
4A No 0 84 538 865 63 2.0 4.5 0.786 0.14 0.38 4.5 6.4 167
4A Yes 40 160 526 678 68 2.0 3.8 0.761 0.29 0.49 7.5 6.4 160
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of its values, and aluminum released from feldspar could complex some 
of the calcium, thus apparently lowering its concentration. Because 
of the lack of an effect of powdering on the analytical results, except 
for sodium and potassium, the analytical results of powdered and non­
powdered samples are examined together in discussion and in graphs.
Acid Extraction
To arrive at a standard acid procedure, several variations were 
tried. For example, the following different acid treatments (all acids 
were "Baker Analyzed Reagent Grade") of 1 g of the sediments were tested:
1. 2 ml of aqua regia at room temperature for 13 hours.
2. 2 ml of concentrated hydrochloric acid for 13 hours.
3. 5 ml of aqua regia refluxed for 1 hour.
A comparison of these treatments is shown in Table 3.
It can be seen that straight hydrochloric acid gave slightly higher 
iron values and, in general, slightly higher values for cobalt, chromium, 
and nickel which are found associated with the iron. Refluxing aqua 
regia gave still higher values of iron, the iron associated elements, 
and potassium. The higher potassium values could be due to thermal dis­
ruption of the liquid inclusions in the quartz grains of the sediments 
and/or greater solubility of certain minerals high in potassium content, 
such as feldspars.
Room temperature aqua regia was chosen as the standard treatment 
over refluxing because the simplicity of the procedure eliminates extra 
handling and extra containers which lead to contamination. Most impor­
tant, it gave a major fraction of the amounts obtained with refluxing 
aqua regia, amounts considered sufficient to detect anomalous
13
Table 3. Effect of various acid treatments in atomic absorption 
analyses (ppm except Fe which is weight percent).
Sample
Acid 
Treatment Na K Mg Ca Zn Cu Pb Fe Cd Co Cr Ni Mn
1A 1 16 182 564 865 68 3.0 5.8 0.836 0.62 3.8 10.0 6.4 162
2 22 174 575 740 68 2.5 5.8 0.891 0.0 3.8 9.5 8.4 162
3 49 520 656 560 92 5.2 7.0 0.930 0.40 4.9 13.0 15.0 167
3A 1 26 160 463 554 50 2.0 5.8 0.686 0.47 3.8 3.0 4.5 140
2 9 160 513 554 50 2.0 3.8 0.756 0.14 3.8 8.5 8.4 143
4A 1 40 160 526 678 68 2.0 3.8 0.761 0.29 4.9 7.5 6.4 160
2 12 156 550 678 68 2.0 4.5 0.829 0.14 4.9 7.0 8.4 160
5A 1 40 172 826 2,740 306 4.0 5.8 0.724 2.07 4.9 4.0 6.4 178
3 58 530 8132,550 312 5.3 5.4 0.850 3.40 3.8 10.0 11.0 182
1. 2 ml of aqua regia at room temperature for 13 hrs.
2. 2 ml of concentrated hydrochloric acid for 13 hrs.
3. 5 ml of aqua regia refluxed for 1 hr.
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concentration of the heavy metals. Furthermore, aqua regia would be 
expected to dissolve all heavy metal sulfide grains, including cinna­
bar (HgS).
The standard acid treatment entailed treating 1 g of minus 95 mesh 
fine material with 2 ml of aqua regia (3/1 conc. HC1/HN0 ) for 13 hours 
at room temperature in a 50 ml glass-stoppered flask. At the end of 
13 hours, 25 ml of deionized water was added to the flask; the sample 
was shaken well and filtered through a number 40 Whatman filter paper. 
The acid treated sediment was washed three times with 5 ml portions of 
deionized water and filtered. All filtrate was collected in a 50 ml 
volumetric flask and finally was diluted to 50 ml with deionized water. 
Two blanks were prepared in a similar manner for each series of samples. 
Sixteen of the samples were dissolved completely by hydrofluoric acid 
techniques and also analyzed by atomic absorption (Table A2). The total 
amounts of the trace elements were obtained in this way and are compared 
in Table 4 with the amounts obtained by aqua regia extraction. Aqua 
regia extraction of the sediments gave a high percentage (30-100%) of 
the total of each metal present except sodium and potassium. Oxide 
coatings on the grains, and sulfide and carbonate clasts, are the 
materials most likely to be dissolved by aqua regia.
Atomic Absorption Analysis
The acid extract solutions were analyzed with a Model 303 Perkin 
Elmer spectrophotometer. The prescribed methods of the Perkin Elmer 
handbook (1971) were used throughout. About 2 ml of acid extract sample 
was required for analysis. An effort was made to stay within the linear
15
Table 4. Percentage of element extracted by aqua regia*.
Mn Zn Pb Co Fe Cu Ni Mg Cr K Na
105 95 92 77 71 66 54 51 28 4 3
* Compared with HF and averaged for 16 samples (Table A2).
16
range of absorbance versus concentration. Usually the 50 ml of filtrate 
from the acid treatment could be used directly for the following ele­
ments because of their low concentrations: Cu, Pb, Cd, Co, Cr, Ni, and 
Na. Because of their high concentrations the following elements usually 
required a 1/50 or 2/50 dilution before A.A. analysis: K, Mg, Ca, Zn, 
Fe, and Mn. Li and Sr were determined only in the last three collections 
of suspended sediment and water samples. An air-acetylene flame was used 
for all of the elements except Sr. Sr determinations were made with a 
nitrous oxide-acetylene flame. Because of deviations from the standard 
procedures, arsenic and mercury determinations are discussed separately 
(p. 82).
Detection limits for the elements are Na (4 ppm), K (0.25 ppm),
Ca (0.05 ppm), Mg (0.05 ppm), Co (0.5 ppm), Cr (0.15 ppm), Ni (0.5 ppm), 
Cu (0.1 ppm), Zn (0.1 ppm), Cd (0.05 ppm), Pb (1.0 ppm), Mn (0.1 ppm), 
Li (0.3 ppm), and Sr (0.5 ppm). Detection limit is defined as a reading 
twice that for the background.
In general, the A.A. results are precise to ± 5% in terms of per­
centage absorption. Reuse of the glassware is almost essential because 
of the leaching of new glass. Older glassware is preferred for use be­
cause most of the leachable ions have been removed. All new glassware 
was washed with concentrated acid before use.
Table 5 compares duplicate analyses for elements. These compari­
sons are for different days when the A.A. unit had a different setting 
and somewhat different calibration curve, perhaps a new dilution of the 
unknown, and a different blank to subtract. The sodium (Na) determina­
tions were troublesome because of the large blanks. Table A6 also com­
pares some duplicate analyses.
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is weight percent). See Table A3 also.
Table 5. Duplicate atomic absorption analyses (ppm except Fe which
Sample Na K Cu Zn Fe
1AP1 16 182 3.0
" 25 194 2.6 — —
1A1 0 90 — — —
" 0 89 — — —
3AP1 40 160 — — -
ft 49 164 — — —
4A1 0 84 — — -
" 0 69 — — —
S1,AP1 20 — 6.0 — 0.321
" 152 — 4.0 — 0.322
S12AP1 5 — — 343 0.611
" 0 — — 318 0.630
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Reasonable checks are shown in the Table 5 compilation except for 
Na on sample S11AP1. Gross contamination apparently occurred in this 
one sample. Duplicates repeated each step beyond the sieving operation, 
i.e. they originated from the same minus 95 mesh powder and were given 
the same acid treatment, etc.
The results in Table A3 are for samples collected at different 
times from eight different locations. The overall agreement of the 
analytical data seems very good, and suggests that the sampling and the 
analysis system are reasonably duplicatable. The same conclusion is 
supported by the analyses of samples 4S12p 4S122, 4S121, 5S3p 5S32, 
5S13p and 5S132. These subnumbered samples were taken only a few feet 
from their mates, and the analyses are very similar for each set. Note 
also the concordance of the analyses in the following section where 
different analytical schemes were used.
X-ray Fluorescence Analyses
Sediments were analyzed for zirconium and iron by x-ray fluorescence. 
A single 5-7 g portion of the minus 95 mesh fraction of the sediments 
first was ground in the Spex Industries pulverizer. Samples were ground 
for 15 minutes. By means of a hydraulic press in the University of 
Arkansas Agronomy Department, one inch diameter boric acid mounted wafers 
of the samples were prepared after the method of Norrish and Chappel 
(1967, p. 205). These fitted directly into the sample holder on the 
x-ray fluorescence analyzer.
A General Electric x-ray tube with a tungsten target was used with 
a Norelco vacuum path x-ray spectrograph. Voltage was maintained at 40
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kilovolts and amperage at 20 milliamperes. A lithium fluoride analyzing 
crystal was used with a scintillation counter and a recorder. The base­
line setting was 0.4 volts, the window infinity, and the amplifier gain 
was 50-60 units. The ratemeter was adjusted to fit the recorder scale. 
Vacuum was used for many of the analyses but no significant effect was 
noted for iorn and zirconium, Ka, 20, 51.8° and 22.5°, respectively.
Standards were run and a calibration curve of peak height versus 
iron was established with sample 4A used as an internal standard. Peak 
heights for zirconium were established relative to sample 4A on the 
standards. A mass absorption of Zr Ka wavelength versus iron curve was 
established for the standards by using their known values of mass absorp­
tion and iron content. A standard curve for zirconium versus relative 
peak height, corrected for mass absorption, was then established. At 
least two peak heights were taken, and averaged for each measurement 
(Wagner, 1974).
X-ray data are summarized in Tables A4 and A5. It should be remem­
bered that x-ray fluorescence gives total iron and total zirconium 
irrespective of the molecular species. For example, organic iron would 
be counted along with inorganic iron.
To check the absolute accuracy of the iron analyses, spiked samples 
were run on sample S6. By the spiking method, 1.80 wt. % iron was found 
whereas 1.82% was found by the standard curve. J. M. Howard (personal 
communication, 1973), using flow counting and a different calibration 
curve, determined 1.06% iron on sample 5A versus the 0.98% obtained by 
the writers using peak heights.
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Tables A2 and A8 compare aqua regia, HF, and x-ray analyses of 
bottom sediment samples for iron. There are differences, but generally 
the HF and x-ray results are in close agreement. These two types of 
analysis yield total iron, whereas the aqua regia method measures only 
surface coating iron removed by acid. It is important to note, however, 
that a large proportion of the total iron is of this relatively easily 
acid leached variety.
Element Variation
Broad Sampling
The metal contents of the sediments reflect the geology of the river 
(Tables 6, A7; Figs. 2-15). Sodium and potassium levels (Figs. 2, 3) are 
higher upstream, probably because of small amounts of clay in the. sedi­
ments which reflect the shale environment. Iron (Fig. 4) and iron- 
associated elements (Cu, Co, Ni, Cr, and Mn; Fig. 5) are in the highest 
concentration upstream. Shale is known to contain larger amounts of heavy 
metals than other sedimentary rocks and should make two contributions to 
the metal contents of the sediments. First, fine particles of shale, 
or clay from the shale, could be in the sediments. Second, the ground 
water upstream should have a higher concentration of dissolved metals 
and ferrous iron because of contact with more shale. When oxidation 
occurs the iron is precipitated as hydrous ferric oxide on the stream 
sediments along with other metals by coprecipitation and sorption. 
Jenne (1968) made a strong case for this mechanism.
Downstream the concentrations of calcium and magnesium increase 
in the sediments (Figs. 10, 11). This finding is expected from the
Table 6. Bottom sediment data for the Buffalo River and four tributaries* (ppm except Fe which 
is weight percent).
Na K Ca Mg Fe Co Cr Ni Cu Zn Cd Mn Pb
Station River Average values per station for nine sampling periods, March 1973 to March 1975.
Miles
1 130 25 215 609 552 2.3 12 17 18 7 63 0.9 852 12
2 101 21 132 3053 398 1.2 6 11 11 4 76 1.4 355 13
3 104 36 191 3880 471 1.9 9 15 17 7 84 1.1 474 16
4 94.1 17 124 1598 412 1.3 7 9 11 4 73 0.9 361 11
5 55.2 7 104 2163 265 1.0 6 10 10 3 78 0.7 278 5
6 33.5 6 96 1779 625 0.8 5 10 8 3 133 1.1 209 9
7 31.4 9 93 1422 422 0.8 5 7 8 3 111 0.8 203 7
8 23.3 7 94 5099 1088 0.7 6 7 9 3 364 3.8 192 9
Rush Creek 23.5 17 74 12553 3379 1.3 8 5 9 7 2241 23.4 296 13
Clabber Creek 23.7 27 90 51346 5651 1.7 12 7 13 8 635 4.5 529 18
Ponca Creek 120 8 134 9881 464 2.2 11 12 17 5 990 3.5 828 106
Collection Date Average values per collection date for eight stations
5/22-23/73 6 185 1051 538 1.5 6 5 9 4 98 0.7 312 7
6/9/73 11 119 2587 420 1.1 6 10 8 4 112 1.9 321 8
6/24/73 75 115 4097 649 1.1 7 10 12 4 106 1.3 280 8
3/12/74 3 158 1823 514 1.6 7 11 13 4 70 - 534 3
5/22/74 12 137 2708 699 1 .2 9 11 12 3 67 1.6 311 11
6/17/74 13 136 747 364 1.3 8 19 14 3 61 1.4 316 13
8/21/74 10 118 5528 465 1.0 6 9 11 5 60 1.0 472 15
12/21/74 6 44 1819 638 1.3 8 11 12 5 374 2.2 388 14
3/26/75 10 167 1696 476 1.4 7 10 14 6 157 0.7 356 13
* Tributaries include tation 3 (Little Buffalo River)
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Key  to  sym bols  for  figures  2-14,
Sample s colle cted  5/22-23/73
Sampl es  collec ted  6/9/73
Sample s colle cted  6/24/73
Sampl es  collec ted  3/12/74
Sample s colle cted  5/21-22/74
Sample s colle cted  6/17/74
Sampl es  colle cted  8/19-21/74
Sampl es  collec ted  12/20-21/74
Sample s colle cted  3/6/75
Avera ge  of  all  samp les  at  each  statio n
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increase in limestone and dolomite downstream. Lead, zinc, and cadmium 
concentrations (Figs. 12-14) follow the known mineralogy and mining 
activity: lead is greatest upstream where there are more known lead 
deposits; zinc and cadmium are highest near the Rush Creek zinc mining 
area and downstream from it. An anomalously high zirconium value (Fig. 
15) was found downstream at station 8 (near Rush Creek). The St. Peter 
and Everton sandstones which are present downstream both contain small 
amounts (0.06-0.25%) of zircon (Giles, 1930). The anomalously high 
value of zirconium at Rush Creek is probably due to the prevalence of 
these rock units in the area. Another possibility is local panning 
effects of the stream. In Tables A3 and A5, 25 analyses for zirconium 
are summarized. Variation of bottom sediment content does not correlate 
with season.
The amount of minus 95 mesh fine material in the sediments is low 
(about 1%) upstream and increases to 25% near the White River terminus 
of the Buffalo River (Fig. 16; Tables 7, 8 and 10). Although not shown 
in Figure 16, the fine sediment content in the tributaries is low (less 
than 3%), undoubtedly because of high stream velocities.
The foregoing conclusions are drawn from the data obtained from a 
coarse sampling of the river as represented by the various stations. 
Their data are given in Tables 6 and A7 and are plotted graphically in 
Figures 2-15. These graphs give general trends versus river miles. 
Close Sampling
There are two interesting chemical systems to examine. One is the 
chemical system of the river bed itself where the chemistry of a grain
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River Miles
Figure 16. Weight percent of minus 95 mesh fraction of bottom sediments
vs river miles.
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is influenced by the chemistry of the grains around it and particularly 
those just upstream from it (Figs. 17-19). The other is the system of 
the sediment grain and the chemistry and mineralogy within it. This 
system is examined in Figures 20-27. Study of these systems requires 
close sampling along the river as was done for the lower 60 miles of 
the Buffalo River.
River Bed Chemistry. The lower 60 miles of the river was sampled 
closely on July 20 and 31, 1973. The river gauge level was the same, 
4.3 ft, on each of these days. Particular attention was given to all 
tributaries, where sediment samples were taken just below the water line 
on the downstream side of their confluence with the Buffalo River. The 
data obtained are given in Tables 7 and 8. Extractable zinc, lead, and 
copper for the sediments sampled are plotted in Figure 17 against the 
sum of extractable calcium and magnesium. Peak values for calcium plus 
magnesium and for zinc are at two old zinc mining areas, Kimball Creek 
and Rush Creek. Lesser peaks are on each side of the major ones and 
there is fairly good concordance between the peaks for calcium plus 
magnesium and for zinc. Furthermore, iron, nickel, and manganese show 
minor peaks at the same places (Fig. 18). An equally good relationship 
is found between zinc and magnesium alone (Fig. 19). The peaks for 
lead and copper (Fig. 17) also are more or less in phase with the 
calcium plus magnesium peaks, probably because mineralization is favor­
able in the dolomitic rocks. Old mill tailings at Kimball Creek and 
Rush Creek also may be influential.
Figure 17. Extractable (Ca + Mg), Cu, Pb, and Zn vs river miles from the mouth 
of the Buffalo River (close sampling).
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Figure 19. Mg and Zn vs river miles (close sampling).
Table 7. Analyses of bottom sediments collected 6/20/73. Close sampling.
Sample
ppm 
Na*
ppm 
K
ppm 
Mg
ppm 
Ca
ppm 
Zn
ppm 
Cu
PPm 
Pb
Wt.%
Fe
PPm 
Cd
PPm 
Co
PPm 
Cr
PPm 
Ni
PPm 
Mn
PPm 
Zr
Wt.% 
-95 
Mesh
4S1bA1 2.5 135 2,575 10,090 572 5.3 9.0 0.78 5.1 8.7 6.9 5.0 425 440 3.9
4S1mA1 0.0 154 593 3,640 91 4.0 6.5 0.96 0.1 9.1 9.7 7.8 343 — 7.9
4S1tA1 0.0 69 215 594 94 2.1 1.6 0.57 1.9 3.8 6.4 3.8 91 - 0.9
4S2A1 0.2 83 4,220 18,350 199 3.1 9.0 0.36 2.4 8.9 4.6 3.8 339 - 2.4
4S3A1 0.5 81 1,010 4,260 333 1.5 6.5 0.65 2.8 5.0 5.9 7.8 160 — 7.5
4S4A1 0.0 111 1,180 5,250 234 2.2 9.0 0.81 0.9 5.7 7.4 10.6 212 - 16.2
4S5A1 0.0 120 1,140 6,100 198 3.0 9.0 0.84 2.4 8.7 8.7 6.7 343 400 8.1
4S6A1 0.0 120 2,150 15,850 166 4.8 14.7 0.67 2.4 9.7 7.1 12.3 257 - 1.3
4S7A1 0.0 95 1,007 4,160 134 1.6 5.7 0.70 1.9 7.5 8.7 5.5 145 - 14.2
4S8A1 0.0 100 463 1,615 113 1.6 4.9 0.80 1.3 6.9 9.2 9.5 287 - 1.9
4S9A1 0.0 113 623 2,683 171 2.3 4.9 0.80 2.4 7.1 9.7 4.4 270 440 20.6
4S10A1 0.0 98 1,070 534 235 2.3 5.7 0.65 3.2 6.7 8.4 6.1 262 - 17.9
4S11A1 0.0 98 1,165 4,885 323 2.0 5.7 0.74 2.8 8.7 8.1 8.1 170 - 3.6
4S121A1 0.2 113 1,120 3,980 179 2.5 6.5 0.80 1.8 7.1 8.4 9.5 151 350 14.5
4S122A1 0.0 95 1,118 3,160 202 1.9 4.9 0.78 2.1 6.7 9.4 7.2 196 - 8.7
4S123A1 0.0 113 875 2,630 139 2.8 6.5 0.93 1.3 6.5 10.4 7.2 278 - 34.9
4S13A1 0.0 81 672 2,250 171 1.1 4.9 0.64 1.3 4.4 6.9 7.2 99 - 6.2
4S14A1 0.0 59 675 1,615 166 1.2 4.1 0.61 1.9 4.2 7.9 8.3 198 280 22.9
4S15A1 0.0 72 557 2,275 104 1.3 5.7 0.70 1.4 5.5 7.6 7.2 166 - 31.1
4S16A1 0.0 74 636 1,585 116 1.6 6.5 0.67 1.9 4.2 8.9 4.4 242 1,515 10.8
4S17A1 0.0 106 3,720 13,430 95 4.5 12.3 0.73 1.4 8.3 8.1 11.7 600 310 51.9
* 0 = <4.
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Table 8. Analyses of bottom samples collected 7/3/73. Close sampling.
Sample
ppm 
Na*
PPm 
K
ppm 
Mg
PPm 
Ca
PPm 
Zn
PPm 
Cu
PPm 
Pb
Wt.%
Fe
PPm 
Cd
PPm 
Co
ppm 
Cr
PPm 
Ni
PPm 
Mn
PPm 
Zr
Wt.% 
-95 
Mesh
5S1A1 0.3 130 318 3,335 55 4.4 9.0 1.14 0.90 8.3 11.7 10.6 377 — 10.1
5S2A1 0.0 120 333 3,490 55 3.0 7.3 1.10 0.70 4.9 10.4 11.2 402 - 8.0
5S31A1 0.1 115 274 5,600 29 2.1 5.7 0.86 0.90 5.3 9.9 12.9 322 - 7.3
5S32A1 0.3 92 217 3,095 42 1.5 6.5 0.86 0.44 5.7 9.2 10.6 149 - 0.9
5S4A1 0.2 87 173 704 20 5.2 8.2 0.87 2.10 5.3 11.7 15.6 194 - 0.4
5S5A1 0.0 111 302 2,680 25 1.7 7.3 0.82 0.44 6.1 11.4 10.6 152 - 5.6
5S61A1 0.0 92 270 1,560 33 1.9 6.5 0.97 0.57 5.9 11.4 10.0 257 - 9.4
5S62A1 0.9 96 930 31,670 68 3.3 9.0 0.53 1.60 10.3 6.1 7.7 410 - 0.6
5S7A1 0.0 78 251 1,255 42 1.5 4.9 0.83 0.70 5.5 11.4 6.7 173 - 11.7
5S8A1 0.0 72 1,370 3,040 33 1.7 5.7 0.84 0.26 6.3 9.7 11.2 310 - 13.9
5S9A1 0.1 99 542 1,930 171 1.8 3.3 0.90 1.00 8.3 11.4 9.5 225 - 19.3
5S10A1 0.4 113 2,120 10,440 38 2.4 9.0 0.69 0.57 10.1 6.4 12.9 380 - 16.9
5S11A1 0.4 72 1,780 76,800 322 2.7 20.4 0.34 4.70 18.4 5.6 10.6 513 - 0.7
5S12A1 0.0 92 1,165 2,532 1,034 2.7 4.9 0.73 5.00 7.3 7.9 9.5 177 - 4.6
5S13,A1 0.0 109 981 3,550 82 2.4 6.5 0.97 0.57 7.7 8.9 8.3 317 - 4.7
5S132A1 0.1 74 962 4,015 130 2.2 6.5 0.58 0.90 8.9 6.9 5.5 79 - 2.7
5S14A1 0.0 46 213 544 117 0.6 3.3 0.56 0.57 5.1 7.9 1.5 77 - 6.5
5S15A1 0.0 65 462 1,560 64 0.7 3.3 0.77 0.26 5.5 7.6 5.5 146 8.2
* 0 = <4
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Certain other features of Figure 17 should be noted. The peaks 
are not exactly in phase. For example, calcium plus magnesium begins 
to rise significantly at Spring Creek (39.2 river miles), but there is 
no rise there in zinc. Spring Creek sediments are thus signaling host 
rocks favorable for zinc mineralization. The zinc maximum is 3.7 miles 
farther at Kimball Creek.
Peak values of metals can return to background values within a mile 
or two. The unique sediments from a tributary give high value near the 
mouth, but are diluted farther along the main river by less unique sedi­
ments of the main channel from upstream and downstream. However, as 
seen in Figure 17, the background (i.e. the minima in the zinc curve) 
shows a gradual increase downstream. Sampling near a tributary thus 
can show large variations in a distance of less than 100 yards near the 
mouth. Table 9 shows such variation. The most unique sample is from 
the tributary itself, just upstream from its mouth. Such samples are 
excluded from Figure 17, in which only the Buffalo River values are 
plotted.
Grain Chemistry. The extractable amounts of potassium, magnesium, 
cobalt, manganese, chromium, nickel, lead, copper, zinc, and calcium 
were plotted individually against the extractable amount of iron in the 
same sample of minus 95 mesh sediment (Figs. 20-26). Data from Tables 
7, 8, and 10 (77 samples) were used. Samples taken in a tributary are 
denoted by "x". These were taken about 100 yards upstream into the 
tributary, except samples from the Little Buffalo which were taken 7 
miles upstream from the confluence.
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Table 9. Detailed analyses near Rush Creek confluence with Buffalo
River.
Location Sample Collection
Date
River 
Miles
Parts Per Million
Wt.%FeZn Cd Mn Ca
Above Ruth Creek Entrarnce 4 2/4/73 26.6 63 0.14 167 865 538 0.79
In Mouth of Rush Creek 3S81 6/24/73 23.7 2,180 19.60 187 7,080 2,940 0.28
In Mouth of Clabber Creek 3S82 6/24/73 23.6 366 4.60 336 33,400 5,750 0.42
Across Buffalo River from
Clabber Creek 4S1b 7/20/73 23.5 672 6.10 425 10,090 2,575 0.78
50 yards below mouth
of Clabber Creek 5 2/4/73 23.6 306 2.07 178 2,740 826 0.72
Below Clabber Creek 3S83 6/24/73 23.1 360 3.30 162 6,800 1,620 0.70
Below Clabber Creek 4S3 7/20/73 22.7 330 2.80 160 4,260 1,010 0.65
Below Clabber Creek 4S4 7/20/73 22.1 234 0.90 212 6,260 1,180 0.81
Cabin Creek 4S5 7/20/73 22.0 198 2.4 343 6,100 1.140 0.84
Cedar Creek 4S6 7/20/73 21.2 166 2.4 267 15,850 2,150 0.67
Boat Creek 4S7 7/20/73 21.0 134 1.90 145 4,160 1,007 0.70
Below Boat Creek 4S8 7/20/73 19.0 113 1.30 287 1,615 463 0.80
Table 10. Analyses of bottom sediments collected 2/4/73. See Table Al for location of samples
Sample
ppm 
Na*
PPm 
K
PPm 
Mg
PPm
Ca
PPm 
Zn
PPm 
Cu
PPm 
Pb
Wt.% 
Fe
PPm 
Cd
PPm
Co
ppm 
Cr
PPm 
Ni
PPm 
Mn
PPm 
Zr
Wt.% 
-95 
Mesh
1AP1 16 182 564 865 68 3.0 5.8 0.84 0.62 3.8 10.0 6.4 162 165 3.9
1AP2 22 174 575 740 68 2.5 5.8 0.89 0.0 3.8 9.5 8.4 162 - -
1A1 0 90 575 1,115 80 2.5 5.8 0.84 0.47 3.8 5.5 4.5 185 - —
1AP3 49 520 656 560 92 5.2 7.0 0.93 0.40 4.9 13.0 15.0 167 - -
2AP1 0 161 500 1,210 96 2.9 2.1 0.83 0.70 3.8 8.0 4.4 145 315 1.1
3AP1 26 160 463 554 50 2.0 5.8 0.69 0.47 3.8 3.0 4.5 140 165 3.7
3AP2 9 160 513 554 50 2.0 3.8 0.76 0.14 3.8 8.5 8.4 143 - -
3A1 0 84 500 804 50 2.0 4.5 0.76 0.47 3.8 8.5 4.5 168 - -
4AP1 40 160 526 678 68 2.0 3.8 0.76 0.29 4.9 7.5 6.4 160 480 3.5
4AP2 12 156 550 678 68 2.0 4.5 0.83 0.14 4.9 7.0 8.4 160 - -
4A1 0 84 538 865 63 2.0 4.5 0.79 0.14 3.8 4.5 6.4 167 - -
5AP1 40 172 826 2,740 306 4.0 5.8 072 2.07 4.9 4.0 6.4 178 555 2.4
5BP1 20 84 600 2,308 151 1.0 3.8 0.18 1.07 2.1 0.0 0.0 57 - -
5AP3 58 530 813 2,550 312 5.3 5.4 0.85 3.40 3.8 10.0 11.0 182 - -
6AP1 22 150 463 554 80 2.5 4.5 0.69 0.62 3.8 3.0 4.5 278 1,485 2.0
* 0 = <4
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Typical plots obtained are exemplified by Figure 20 whcih shows a 
minimum and an average line for chromium and nickel. Very high concen­
trations of the non-iron metals which are well above the average are 
believed to be due to mineral clasts of these elements in the sediments. 
Such concentrations were found for magnesium, calcium, zinc, copper, 
lead, zirconium (Figs. 21-25), and cadmium (not shown). Mineral occur­
rences of all these elements are present in the Buffalo River drainage 
area. The minimum to average values are believed to be associated with 
a hydrous iron oxide coating on the sediments in accordance with the 
ideas of Jenne (1968) and Hawkes and Webb (1962). Thus it is proposed 
that magnesium, calcium, zinc, copper, and lead are in the form of and 
are transported as clasts, as well as being in the oxide coating of the 
sediments. These metals are present in mineral clasts primarily in the 
low iron, high calciferous environment which is the more mineralized 
area of the Buffalo River. Other metals studied, cobalt, manganese 
(Fig. 26), chromium, nickel (Fig. 20), and potassium (Fig. 21), apparently 
are carried in the ferric oxide film and there is no evidence for clasts.
The minimum lines are of three types: Type 1 (e.g. chromium in 
Figure 20) extrapolates to the origin, Type 11 (e.g. nickel in Figure 20) 
extrapolates to an intercept on the % iron abscissa, and Type III is a 
constant. Only calcium (Fig. 22) gave Type III, possibly because of 
water sorption by the sediment fine material. The calcium content of 
the water is about 40 ppm. Type II minima were given by nickel, copper, 
lead, and cadmium which, because of their chalcophilic nature, probably 
were unable to follow iron into carbonate clasts or coatings. Type I 
minima were given by Co, Cr, Mn, K, Zn, and Mg.
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Figure 20. Cr and Ni vs Fe
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Figure 21 . K and Mg vs Fe.
Figure 22. Ca vs Fe.
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Figure 23. Zn vs Fe.
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Figure 24. Pb and Cu vs Fe.
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Figure 25. Zr vs Fe
Figure 26. Co and Mn vs Fe.
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Extractable Cu, Ni, Pb, and Cr for all sediment samples were plotted 
against extractable Mn (Figs. Al, A2) and give plots very similar to 
plots versus iron. (Mn already has been shown to increase with iron.) 
Type I curves were obtained mainly with manganese and indicate that no 
appreciable manganese clasts are present. Moreover, no indication of 
appreciable manganeous clasts was found in the Mn versus Fe plots.
In Table 11, the amount of metal ion sorbed per unit of iron is 
calculated from the minimum and average curves and is compared with the 
data of others.
Hawkes and Webb (1962, p. 121) give a value of 0.26 ppm of copper 
per 1000 ppm of iron. This value compares well with the 0.18 minimum 
and 0.35 average in Table 11. Hawkes and Webb give a range of 0.03 to 
3 ppm of nickel per 1000 ppm of iron. This brackets the values of 0.57 
and 0.86 in Table 11.
It is of interest to compare results with those of Perhac and Whelan 
(1972) for a Tennessee stream, Joe Mill Creek. This small stream in the 
sampled area flows over dolomite and limestone upstream, over sphalerite­
bearing carbonate rocks at its midpoint, and over shale downstream, just 
the reverse of the Buffalo River pattern. As shown in Table 12, the 
writers' metal-iron ratios compare most favorably with those for the 
downstream sample of total sediments and with those for the fine frac­
tions (<5p) from all three locations on Joe Mill Creek. A particle size 
effect is indicated although the writers had not found the metal ratios, 
in general, to be a strong function of particle size for the size ranges 
used, minus 95 mesh and plus 95 mesh (see Table 1). The correlation 
with downstream and fine particle size samples is believed to be due to
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Table 11. Amounts of trace metals in hydrous oxide coating.
ppm/1000 ppm of Fe atoms/1000 atoms of Fe
Element Average Minimum Average Minimum
Magnesium _ 20 _ 46
Manganese 35 17 35 17
Potassium 12 8 17 11
Zirconium — 16 — 10
Zinc — 2.5 — 2.1
Nickel 0.86 0.57 0.82 0.54
Chromium 0.94 0.36 1.0 0.39
Copper 0.35 0.18 0.31 0.16
Lead 0.74 0.35 0.20 0.095
Cobalt 0.7 0.35 0.66 0.03
Table 12. Comparison of metal ratios of Buffalo River sediments with those of a Tennessee 
stream*
Buffalo River
150 y (-95 Mesh)**
Joe Mill Creek
Total Sediment < 5 p Samples
Upstream Midstream Downstream Upstream Midstream Downstream
Co (parts/1000 parts Fe) 0.60 5.4 2.5 1.3 0.91 1.25 1.47
Cu (parts/1000 parts Fe) 0.38 2.7 1.2 0.62 1.1 5.1 3.3
Mn (parts/1000 parts Fe) 23 204 143 29 12.5 65 62
Ni (parts/1000 parts Fe) 1.11 4.4 1.9 1.5 1.3 1.1 3.7
Pb (parts/1000 parts Fe) 0.96 11 6.3 2.2 0.95 1.7 2.0
* Joe Mill Creek, Northeast Tennessee (Perhac and Whelan, 1972).
** Taken from average curves as in Figures 20, 24, and 26 and corrected to total metal on the 
basis of Table 4.
5
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the iron oxide coating mechanism of metal transport becoming dominant 
over clasts under the conditions in this small stream and thus common 
to the two streams.
Other observations of the writers support the concept of an appre­
ciable iron oxide coating on the sediments. The sediments are tan and 
bleach markedly when treated with cold aqua regia or hydrochloric acid. 
In each case 70% or more of the total iron is removed; the easy removal 
indicates a superficial nature. Extractable iron is a strong function 
of particle size and thus surface area as shown in Table 1 which com­
pares a plus 95 mesh fraction with its minus 95 mesh mate.
In Figure 27 the extractable cadmium and zinc contents of the minus 
95 mesh fraction of the sediments are compared. The cadmium to zinc 
ratios found agree well with that of the zinc ore minerals of the area 
as shown in Table 13. The agreement would have been better in the case 
of smithsonite if an analytical value for zinc had been available. A 
theoretical zinc value was used as only cadmium analyses were available 
in the reference. The good agreement in Table 13 confirms that zinc 
and cadmium are present in mineral clasts in the sediments. It seems 
unlikely that this ratio would hold through a solutioning and repre­
cipitation process because fractionation would be expected.
Variation in Boxley-Ponca District
Introduction
The Ponca-Boxley Mining District, in the upper Buffalo River area, 
northcentral. Arkansas, is the site of significant lead and some zinc 
mineralization (Fig. 28). Mining in this area was intermittent from
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Figure 27. Cd vs Zn.
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* McKnight (1935, p. 108, 114).
Table 13. Cd/Zn ratios (parts Cd/1000 parts Zn).
Sediments Sphalerite* Smithsonite*
8 to 10 6.9 to 9.3 6.2
Figure 28. Detailed map of Ponca-Boxley Lead District showing mineralized trend and sample locations.
PONCA-BOXLEY DISTRICT
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1860 to 1920. In 1935 McKnight described the lead mineralized "run" 
from the upper part of Adds Creek to the vicinity of Moore Creek on the 
northwest side of the Buffalo River. Most of the southeast side was con­
sidered barren. The "run" is in the lower part of the Batesville Sand­
stone Formation immediately above the Boone Limestone Formation, both 
of Mississippian age. The greatest concentration of mines is in the 
vicinity of Adds Creek where the dominant lead ore, galena, and the less 
abundant zinc sulfide and zinc carbonate minerals were mined. A mill 
was constructed at the town of Ponca to concentrate the ore from the 
area.
The objectives for the study in this area were (1) to determine the 
effect of the mineralization on the bottom sediment composition of the 
Buffalo River and its tributaries and (2) to ascertain relationships of 
lead and other elements in the bottom sediments.
Methods
Bottom sediment samples were taken in ten selected tributaries 
(Fig. 28) upstream from their confluence with Buffalo River. Addition­
ally, sediment was collected in the river above and below these points 
of tributary confluence, except that no upstream samples for Moore and 
Running Creeks were collected. Two of the tributaries' (Adds and Ponca) 
samples were obtained upstream from the town of Ponca (site of the old 
mill).
Element Variation
A plot of Pb concentration of bottom sediment from the river and 
tributaries versus river miles (Fig. 29) corresponds well with reported
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Figure 29. Pb vs river miles from Smith Creek (SM) in the Ponca-Boxley 
District.
Pb vs River Miles
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mineralization. The tributaries on the mineralized side of the Buffalo 
River have values significantly higher than those of tributaries on the 
non-mineralized side and those from the river. There are two anomalously 
high Pb values, one from 3-Name Creek on the southeast (non-mineralized) 
side of the Buffalo River and the other from Beech Creek on the north­
west side of the river. If the mineralized zone of McKnight (1935) is 
extended across the watershed, Beech Creek should be part of the 
mineralized zone (Fig. 28). Although Whiteley Creek and the upper part 
of Ponca Creek (upstream from the town of Ponca) are on the northwest 
(mineralized) side of the Buffalo River, they have no reported mineraliza 
tion within their watersheds. This is confirmed by the relatively low 
Pb content of their bottom sediment (Fig. 29). It is interesting to 
note that the Pb values at the mouth of Ponca Creek are higher than those 
of either of the two samples collected upstream from the town of Ponca 
(Table 14). This finding can be interpreted as evidence of additional, 
unreported mineralization or, more likely, of contamination from the 
tailings pile at the old mill just upstream from the collection site.
There is no systematic variation of lead concentration in the 
bottom sediments along this part of the Buffalo River; however, many 
of the tributaries, whether draining a mineralized or a non-mineralized 
area, contain greater concentrations of many of the elements (Table 14). 
Perhaps the reason is that much of the material(s) rich in these ele­
ments is dissolved in the river. The fact that the tributary flow 
includes a large amount of ground water also may explain some of the 
higher element concentrations in the tributary sediments. The ground 
water dissolves much more material than surface water but quickly
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16
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8
7
14
9
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5
5
5
10
7
1
9
3
1
5
7
30
7
1
2
7
2
1000 
1147 
1000
812
900
975
950 
1500 
1175
850 
1062 
1125 
1025 
1550 
1125 
1000
300 
1125
675
550
450 
1425 
1500 
1325
425
775 
1025 
1150
575
787
637
425
575
587
512
725
550
600
612
550
712
487
687
850
437
525
525
375
335
750
462 
1035
425
725 
1035
537
260
3500
465
260
470
320
465
2500
1150
7500
745
710
5000
475
5000
1030
365 
22750
2250
230
9995 
15250 
18750 
19750
1350
9250 
18495
370
368 57.50
90
54
87
90
122
1.50
0.65
1.00
2.00
0.65
Table 14. Analyses of bottom sediment samples from the Ponca-Boxley District. River miles are measured from Smith 
Creek. All values are ppm except Fe which is weight percent. 
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precipitates material upon contact with the air, thus enriching the 
tributary sediments in some elements. Dilution of the unique (element­
rich) sediments from the tributaries by non-unique sediments of the 
river takes place in an extremely short distance, especially as shown 
by Beech, Moore, and Ponca Creeks (Table 14, e.g. Fig. 29).
With the exception of Adds Creek, the tributaries which have the 
highest Pb values contain relatively low Fe concentrations (Table 14; 
Figs. 29, 30). The reason for this phenomenon is not known; perhaps 
there is a subtle difference in lithology in these two areas which 
affects the sediments directly, or indirectly by changing the ground­
water composition and thus leading to concentration of elements in the 
sediments by precipitation.
The Fe values for sediments in the main stream and also in the 
tributaries decrease downstream (Fig. 30). Mn, Co, Cr, Mg, and Ni have 
trends similar to that for Fe (Figs. 31, 32; Table 14), and cu (Fig. 33) 
shows an especially clear trend of decreasing concentration downstream. 
An optical examination of the sediments indicated that shale fragments 
make up about 25% of the samples from the upper part of the Buffalo 
River and gradually diminish to about 10% near Ponca. The shale has 
two effects on sediment composition. First, the shale is rich in Fe 
(and other elements) in comparison with the sandstone and limestone in
+2 the area. Second, the ground water in the area would contain Fe 
leached from shale which is added to the sediments by precipitation 
as a ferric oxide coating on the sediments. The Pb-Fe trend in Fig­
ure 34 indicates sorption of Pb by the ferric oxide coatings and the
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Fe vs. River Miles
Figure 30. Fe vs river miles from Smith Creek (SM) in the Ponca-Boxley 
District.
River Miles
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Mg vs River Miles
Figure 31. Mg vs river miles from Smith Creek (SM) in the Ponca-Boxley 
District.
River Miles
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Ni vs River Miles
Figure 32. Ni vs river miles from Smith Creek (SM) in the Ponca-Boxley 
District.
River Miles
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Cu vs River Miles
Figure 33. Cu vs river miles from Smith Creek (SM) in the Ponca-Boxley
District.
River Miles
Figure 34. Pb vs Fe for bottom sediments collected in the Ponca-Boxley District.
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anomalous values indicate the presence of lead-rich clasts. Similar 
trends were found for Mn, Co, Cr, Cu, Ni, and Zn (Figs. 35, 36; 
Table 14).
The values for Zn show little variance from the background level of 
about 65 ppm (Fig. 37) except in Beech Creek which also has anomalously 
high Pb concentrations and in Adds and Ponca Creeks which have reported 
Zn mineralization. As in the case of lead, zinc values for Ponca Creek 
are higher near its mouth than at the two sites upstream. This finding 
may indicate mineralization or contamination from tailing. Cadmium 
values are erratic (Fig. 38).
The Cd/Zn ratio for sediments from the upper part of the river 
(Fig. 39) was found to be relatively constant (8-10 ppm Cd to 1000 pm 
Zn) and similar to that for ore from the area near Rush, Arkansas (Table 
13). The Cd/Zn ratio for Buffalo River sediments from the Boxley-Ponca 
area is within the same range. However, the tributaries show a much 
greater range which may indicate simply homogenization of sediments 
with various Cd/Zn ratios by the river. The Pb and Zn contents of the 
sediments are independent of one another (Fig. 40).
Ca concentration increases downstream (Fig. 41), reflecting the 
presence of limestone. There is no dolomite in the area and the Mg 
data agree with this information. Significant correlations of certain 
elements with Ca+Mg have been reported for the lower part of the Buffalo 
River (Fig. 17); however, none were found in the Ponca-Boxley part of 
the study area (Fig. 42).
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Fe vs Cu
Figure 35. Fe vs Cu for bottom sediments collected in the Ponca-Boxely 
District.
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Figure 36. Fe vs Zn for bottom sediments collected in the Ponca-Boxley
District.
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Zn vs River Miles
Figure 37. Zn vs river miles from Smith Creek (SM) in the Ponca-Boxley 
District.
River Miles
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Cd vs River Miles
Figure 38. Cd vs river miles from Smith Creek (SM) in the Ponca-Boxley
District.
River Miles
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Zn vs Cd
Figure 39. Zn vs Cd for bottom sediments collected in the Ponca- 
Boxley District.
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Figure 40. Pb vs Zn for bottom sediments collected in the Ponca-Boxley
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Ca vs. River Miles
Figure 41. Ca vs river miles from Smith Creek (SM) in the Ponca-Boxley 
District.
River Miles
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Ca + Mg vs River Miles
Figure 42. Ca + Mg vs river miles from Smith Creek (SM) in the
Ponca-Boxley District.
River Miles
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In summary, lead mineralization has a significant effect on the Pb 
concentration in bottom sediments of the tributaries, but concentrations 
are diluted quickly in the main stream. The mineralization also in­
creases zinc and cadmium concentrations. The concentration of Ca is 
controlled largely by the presence of limestone, and the concentrations 
of the other elements are controlled primarily by the presence of shale 
fragments and sorption by Fe oxide coating clasts.
Arsenic and Mercury
Arsenic and mercury determinations required some changes from the 
procedures described. Arsenic was determined with the Model 303 Perkin 
Elmer spectrophotometer, but an argon-hydrogen entrained air flame was 
used which provided much greater sensitivity than the air-acetylene 
flame method. For a further increase in sensitivity a 5 g sediment 
sample was used instead of the usual 1 g. The acid to sample ratio of 
2 ml per gram was maintained, as were all other conditions. One set 
of samples was extracted with concentrated HCl alone because nitric 
acid in the aqua regia has been reported to give some interference with 
arsenic determinations by atomic absorption (FWPCA, 1969). Detection 
limit was 1 ppm As.
Mercury was determined with the Model 303 Perkin Elmer spectro­
photometer by the flameless technique of Hatch and Ott (1968) as 
adapted by the Perkin Elmer Company. A closed system with magnesium 
perchlorate drier, circulating air pump, and plastic-windowed absorp­
tion tube was used as furnished by the Perkin Elmer Company. Their 
mercury-free reagents also were used.
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All sediments for mercury analyses were sieved after air drying. 
Oven drying was avoided because of the volatility losses reported by 
other investigators (Iskander et al., 1972; Jacobs and Keeney, 1974). 
A 5 g sample of minus 95 mesh sediment was added to a 50 ml glass- 
stoppered flask along with 15 ml of aqua regia; the contents were 
heated to boiling for 1 minute and allowed to stand at room tempera­
ture for 13 hours. The contents finally were transferred quantitatively 
to a BOD bottle, diluted to 100 ml, and analyzed by the flameless tech­
nique after the prescribed method of the Perkin Elmer Company. Boiling 
aqua regia was used, as Jacobs and Keeney (1974) showed this reagent 
gave a 97% recovery for HgS and 86-97% recovery for four organic mer­
cury compounds in sediments. HgS was expected to be a principal source 
of mercury in the samples. Mercury detection limit was 0.003p.
Because arsenic and mercury required special analytical techniques, 
only a cross section of the samples representing the main length of 
river were analyzed for these elements. Results are summarized in 
Table 15.
The arsenic values obtained by aqua regia extraction are lower than 
those obtained by hydrochloric acid alone (Table 15). Samples from 
Kimball Creek, Clabber Creek, and Rush Creek were included because they 
are from zinc mining areas and have high zinc values. Enargite (Cu 3As S4) 
is a common mineral in the Kansas-Oklahoma part of the Tri-State zinc 
mining district and there is at least one occurrence in northern Arkansas 
(McKnight, 1935, p. 110). Arsenic values for two of the three samples 
from the zinc mining areas were somewhat higher, but lower than the
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Table 15. Arsenic and mercury in Buffalo River bottom sediments.
Location River Miles
ppm of Arsenic
ppm 
Mercury
HCl 
Extraction
Aqua Regia 
Extraction
Boxley
Ponca
Pruitt
Jasper*
Hasty
Gilbert
Kimball Creek
Hwy. 14 Bridge
State Park
In Clabber Creek
Rush Creek
130
125
101
104
94
55.2
35.5
33.5
31.4
23.5
23.7
14
9
7
9
5
5
11
7
6
4
7
4
4
4
12
6
0.023
0.028
0.013
0.049
0.017
0.010
0.017
0.013
0.011
* On tributary, Little Buffalo River,
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value found in the shale area at Boxley. The overall range for arsenic 
was only 5-14 ppm, no higher than for an average shale.
Mercury in Table 15 shows a range of 0.01-0.49 ppm, the higher 
values being at Boxley, Ponca, and Jasper in the shale district. The 
value for Rush Creek in the zinc mining area is small, 0.011 ppm. 
Other possible sources of mercury such as agricultural fungicide and 
industrial wastes are absent along the Buffalo River. In Wisconsin, a 
region of greater agricultural activity, Iskander et al. (1972) found 
0.25 ppm in the streams. Values of a few parts per million upward were 
found by Feick et al. (1972) in sediments in a contaminated New England 
area. In a news release of June 10, 1973, the U. S. Geological Survey 
"estimated conservatively" 0.25 ppm of mercury in the top one foot of 
bottom sediments in the San Francisco Bay. The analyses in the refer­
ences are on total sediment, whereas the writers have used only the 
minus 95 mesh fraction, 1-5% of the total, for the samples of Table 15. 
On the basis of total sediment, the Buffalo River sediments would have 
a range of only 0.0005-0.0025 ppm of mercury.
Comparison With Average Rocks
The anomalously high values for each element from the 78 sediment 
samples collected with close spacing are summarized in Table 16 and are 
compared with average values for the sediment rock types (shale, sand­
stone, and carbonate rocks). Of the three rock types, shale has the 
greatest amount of each metal except manganese, which is greatest in 
carbonate rocks. Only four of the metals, zinc, lead, cadmium, and
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Table 16. Comparison of heavy metals in Buffalo River 
bottom sediments with those in average rocks 
(ppm. except Fe which is weight percent)
Element Shale* Sandstone* Carbonate Rocks*
High Range 
In Sediments
No. of Samples 
in High Range
Zn 95 16 20 300-4000 14
Cu 45 1-10 4 8-9.2 2
Pb 20 7 9 14-357 7
Cd 0.3 0.01-0.1 0.035 2-34 21
Co 19 0.33 0.1 10-18.4 5
Ni 68 2 20 15-20 5
Cr 90 35 11 13-23 4
Mn 850 10-100 1,110 500-956 5
Zr 160 220 19 600-2820 5
As 13 1 1 11-14 3
Hg 0.4 0.03 0.04 0.02-0.05 3
Fe 4.72 0.98 0.38 2-2.52 2
* From Turekian (1972) .
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zirconium, have high ranges in the sediments that are well above the 
ranges for an average shale. The high values of 300-4000 ppm for zinc 
all were obtained in sediments at the confluence of tributaries drain­
ing old mining areas or known mineral deposits. Background values for 
zinc in the sediments were 50-200 ppm, the higher background values 
being in the lower one-third of the river which is just beyond Rush 
Creek, the principal zinc mining area. Cadmium values are on the 
average 8-10 parts per 1000 parts of zinc, the same ratio as is found 
in the ores (Table 13).
Lead background values were 4-10 ppm in contrast with the high 
range of 14-357 ppm found at the confluence of tributaries draining 
lead mining areas. These tributaries are in the headwaters of the 
Buffalo River in the Boxley-Ponca area. Background values for zirconium 
were 300 to 400 ppm in contrast with the high range of 600-2820 ppm found 
for five samples. The very highest values are from the lower one-third 
of the river where Everton and St. Peter sandstones are present which 
contain varying amounts, but up to 940 ppm, of zirconium as the heavy 
mineral zircon. Values in the 600-700 ppm range were found upstream in 
the shale-carbonate environment. The zirconium is in the heavy mineral 
zircon, and it is believed that zirconium concentration in the sediments 
is controlled by the panning effects of the stream. Zircon is a very 
stable mineral and would not yield soluble zirconium to the stream 
waters.
As shown in Table 16, the extractable amount of iron and the iron- 
following elements (Cu, Co, Ni, Cr, and Mn) does not exceed that of an 
average shale, with the exception of manganese, and its value is less
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than that for an average carbonate rock. No great pollution hazard is 
indicated for these iron-following heavy metals in the Buffalo River on 
the basis of bottom sediment analyses.
Two of the three samples from the zinc mining areas have somewhat 
higher arsenic values, but they are lower than the value found in the 
shale district at Boxley. The overall range of arsenic, only 5-14 ppm, 
is no higher than that for an average shale.
Mercury in Table 15 shows a range of 0.01-0.049 ppm, the higher 
values being at Boxley, Ponca, and Jasper in the shale district. The 
value for Rush Creek in the zinc mining area is small, 0.011 ppm. The 
analyses in the references are on total sediment whereas the writers 
used only the minus 95 mesh fraction. Though all other heavy metals 
are concentrated in the fine fraction, mercury is more evenly distributed 
between the minus 95 and plus 95 mesh fractions. This finding indicates 
that mercury is in organic derivatives or in light inorganic clasts such 
as calcite or dolomite, not in dense inorganic materials such as metal 
sulfides. It is concluded, on the basis of sediment analyses compared 
with average rock values (Table 16), that mercury and arsenic are not 
potential pollutants of the Buffalo River.
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SUSPENDED SEDIMENTS
Sample Collection and Preparation
Suspended sediments were collected from the eight stations shown 
in Figure 1 and also from Ponca, Rush, and Clabber Creeks on 5/21-22/74, 
6/17/74, 8/19-21/74, 12/20-21/74, and 3/26/75. One half to one liter 
of water was filtered in the field through a 0.45 pm Millipore filter 
with a hand operated vacuum pump. The filters were prewashed for 30 
mintues in 1:1 HCl and were rinsed in distilled, deionized water in the 
laboratory before the collection trip. After filtration the filters 
were returned to the laboratory and placed in a 25 ml Erlenmeyer flask 
with 2 ml of concentrated HCl overnight. The extractant was diluted to 
25 ml and the filter was rinsed several times in distilled, deionized 
water. The sample was then ready for analysis by atomic absorption 
spectrometry. The atomic absorption technique was the same as that 
used for the bottom sediments. Analyses were attempted on a per weight 
of suspended sediments basis, but this approach was not feasible because 
of the small amount of material that could be collected in a reasonable 
length of time. Therefore, the suspended sediment analyses are ex­
pressed in terms of concentration per liter of water filtered. Hg, As, 
and Cu were not determined because of their extremely low concentration.
Element Variation
The concentration of elements in the suspended sediments is very 
low (Table A9; summarized in Table 17). The concentration of elements 
in the water generally exceeds that in the suspended sediments, except
Table 17. Suspended material (<O.45um) In Buffalo River and four tributaries*.
Na K Ca Mg Fe Co Cr Ni Zn Cd Pb Mn LI*** Sr***
Sta­
tion
River 
Miles
Average values (pg of element suspended per liter of water = ppb) 
per station for five sampling periods, May 1974 to March 1975 pH T°C
D.O.
ppm
1
2
3
4
5
6
7
8
130 
101
104
94.1
55.2
33.5
31.4
23.3
47
36
3
8
42
6
9
32
23
1
4
2
3
8
3
3
18
18
29
23
31
37
40
36
7
6
5
6
7
6
7
8
144
136
112
128
157
112
121
100
41
<1
<1
41
<1
<1
41
41
41
<1
<1
41
<1
<1
41
41
2
41
<1
1.6
0.6
<1
4
2
14
2
2
1
1
1
1
3
0.4
40.4
40.4
<0.4 
<0.4 
<0.4
0.1
40.4
<3
12
2
<3
3 
43 
<3 
<3
4
9
7
9
6
6
7
6
0.1
<.1
<.1
0.10
<.1
0.05
0.10
0.10
0.7
0.6
0.8
<0.7
0.5
<0.7
<0.7
<0.7
7.3
7.5
7.4
7.4
7.4
7.6
7.6
7.5
16.8
16.3
15.4
16.7
17.7
17.6
17.3
17.2
9.9
9.4
9.5
9.7
10.0
9.9
9.6
9.6
Clab- 23.5 
ber Cr. 
Rush 23.7
Cr.
Ponca 120
Cr.
River 
Average** 
Creek 
Average**
19
24
11
23
18
8
1
1
6
3
25
20
25
29
23
14
6
3
6
8
14
25
95
126
45
41
<1
41
41
41
41
<1
41
41
41
41
<1
1
2
41
1
2
3
3
2
0.1
0.4
0.1
0.25
0.20
2
<0.6
1
 6
 1.5
1
2
4
7
2
0.02
0.04
0.13
0.09
0.06
<0.7
<0.7
4.0.7
0.7
<0.7
7.5 16.9 9.7
Average values (pg of element suspended per liter of water = ppb) per col- Flowb
lection date for eight river stations CFS
(continued)
5-22-74 - - 31 6 110 <1 0.4 3 8 0.4 19 5 - - 7.4 21 1003
6-17-74 34 4 21 10 227 <1 0.5 2 3 0.2 41 8 - - 7.6 21 1280
8-21-74 11 4 53 5 48 - - - 3 - - 15 0. 1 0.7 7.4a 27a 75
12-21-74 410 <1 21 4 76 40.3 <0.5 0.8 41 4.15 <3 4 40.1 40.4 7.1 6 541
3-26-75 6 4 24 / 151 - - - 2 - - 5 0.1 0.3 7.7 12 2060 90
Col lection 
Date
Table 17 (cont'd).
* Tributaries are station 3 (Little Buffalo River), Clabber Creek, Rush Creek, and Ponca Creek.
** River average includes Little Buffalo River, station 3- 
Creek averages are for Clabber, Rush, and Ponca Creeks only.
*** Only last 3 samplings were analyzed.
3 For 8-14-74.
bCubic feet per second of water flow measured near station 5, approximate midpoint of river.
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in the case of iron (Table 18; Figs. 43, 44). Generally, there is about 
10 times as much iron in the suspended sediments per liter of water as 
dissolved iron (Fig. 44). Na and K values are variable from station to 
station; however, there is no systematic variation. All of the other 
element concentrations are essentially constant from station to station. 
Station 1 (Boxley) has the largest K and Zn concentrations, probably be­
cause of a greater amount of clay particles which are derived from the 
shale in the area (Table 17). The ratios in Figures 43 and 44 that show 
trends are due to the fact that the dissolved load shows a trend and the 
suspended load is essentially constant.
The river contains more Na, K, Fe, and Mn than the selected tribu­
taries (Table 17). The high Na and K values can be explained by a
greater amount of clay particles because the river would be a more 
likely collection point for fine particles than the tributaries. Also,
there is no major source of clay in the creeks' drainage basins. The
higher Fe and Mn values could be due durectly to the presence of clay 
particles, but also could be caused by oxide caotings of the elements 
on fine grains. The creeks have no major source of these elements be­
cause there is no shale in their drainage basins. Although there are 
elemental variations with the season, there is no pattern of change 
(Table 17).
There appears to be a correlation of Fe content with flow of the 
river (Fig. 45). Although Mn generally follows Fe, Mn concentration 
and flow do not correlate nearly as well as Fe content and flow. This 
correlation is simply the result of Stokes' Law, i.e., there is more 
suspended material with greater flow.
Table 18. Ratio of dissolved load to suspended load in Buffalo River and four tributaries.
Na K Ca Mg Fe Co Cr Ni Zn Cd Pb Mn Li Sr
Sta­
tion
River 
Miles Ratios of values from Tables 17 and 18 pH T°C
D.O
ppm
1
2
3
4
5
6
7
8
130
101
104
94.1
55.2
33.5
31.4
233
21
38
560
175
33
240
166
46
30
846
216
421
275
105
283
285
413
1502
944 
1330 
1147
968
903 
1025
142
381
360
372
353
482
418
523
0.15
0.14
0.11
0.09
0.06
0.16
0.08
0.08
>6.6 
>2.8 
>3.7 
>3.8 
>3.1 
>3.9 
>4.2 
>4.1
>3
0
2
>1.5
>2.5
>1.0
2.4 
>2.9 
>3.2
2.6
5.2 
>3.1
0.9
1.7
0.
15
29
23
62
18
15
21
59 3.0 
>2.0 
>2.5 
>2.2 
>1.5 
>2.5 
14
3
>1.7
0.46
3.2 
>2.1
1.3 
>2.0 
>1.5 
>1.6
1.1
1.0
1 .2
0.84
1.4
0.95
1.0
1.3
20 
>20 
>20
20 
>15
30
15
10
12
55
52 
>49
76 
>60 
>61 
>54
7.3
7.5
7.4
7.4
7.4
7.6
7.6
7.5
16.8
16.3
15.4
16.7
17.7
17.6
17.3
17.2
9.9
9.4
9.5
9.7 
10.0
9.9
9.6
9.6
Clab- 23.5 
ber Cr.
Rush 23.7
Cr.
Ponca 120
Cr.
River 
Average 
Creek
Average
60
59
135
61
75
108
831
985
137
297
2065
2606
1654
1021
2103
1898
1483
1028
412
1607
0.43
0.24
0.07
0.10
0.13
>4.4
>5.3
>3.7
>4.0
>4.5
>4
>2
>4
>4.0
>4.1
4.6
1.7
>4.2
14
20
11
9
14
12
3.5
9.0
4.0
5.5
1.3
>11.3
4.7
0.9
3.1
7.7
2.0
2.5
1.1
3.6
100
50
15
19
33
>47
>46
>47
50
>47
7.5 16.9 9.7
Collection 
Date Ratios of values from Table 17 and Table 18
Flowb 
CFS
5- 22-74
6- 17-74
8-21-74
12-21-74
3-26-75
36
203 
>125
235
216
276 
>644
174
959 
1933
855 
1251 
1064
406
278
744
562
322
0.10
0.03
0.15
0.11>10.3
0.11
- >1.33
3.1
3.6
17
5.3
3.0 
<5.0
>4.7
0.41 
>5.0
>0.23
1.5
0.90
0.57
1.7
1.5
>14
19
74 
>65 
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7.4
7.6
7.4a
7.1
7.7
21
21
27a
6
12
1003
1280
75
541 
2060
3.2 >97
- 0.8
aFor 8-14-74.
bCubic feet per second of water flow measured near station 5, approximate midpoint of river.
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Figure 43. Ratio of dissolved load to suspended load of river (major 
elements) vs river miles. Average values for each station 
plotted.
RIVER MILES
95
Figure 44. Ratio of dissolved load to suspended load of river (minor 
elements) vs river miles. Average values for each 
station plotted.
96
Figure 45. Suspended sediment Fe and Mn values vs flow of river.
Fe and Mn values are average values for five collection 
dates. Flow determined at approximate midpoint along 
river (station 5).
Flow, CFS
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Figure 46 shows that the Mn/Fe ratios of bottom sediments and sus­
pended sediments are approximately equal when the ratios are low; how­
ever, at higher ratios the suspended sediments are enriched in Mn with 
respect to the bottom sediments.
The Mn/Fe ratios for suspended relative to bottom sediments are 
plotted versus river miles in Figure 47. This graph shows that, except 
for station 1, the Mn/Fe ratio is greater in the suspended sediments 
than in the bottom sediments. The suspended sediments would be ex­
pected to have initial oxide films of Fe and Mn, whereas bottom sedi­
ments, because they are heavier and have settled out of the water, would 
be expected to have older and more oxide coating. Late formed oxide 
coatings apparently are enriched in Mn with time, because of some fac­
tor such as an autocatalytic effect on Mn precipitation. Station 1 
differs from the other stations in that there is shale in the area. 
Station 1 has a greater absolute amount of Fe and Mn than the other 
stations (Table 17). It may be that the large amounts of these ions 
cause a different sorption pattern at the locality. For example, the 
high concentration of Fe may cause less autocatalyzation of Mn pre­
cipitation on the suspended sediments. Also, the presence of shale 
fragments in the bottom sediments could add to the acid leached Fe, 
i.e., some Fe is leached from the shale grains and does not represent 
Fe from an oxide coating. It is interesting that pH increases slightly 
downstream (Table 17), and it also may have a significant role.
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Figure 46. Mn/Fe ratios in bottom and suspended sediments for the 
eight stations.
99
Figure 47. Average Mn/Fe ratios of suspended sediments relative 
to those of bottom sediments for the eight 
stations.
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DISSOLVED MATERIAL
Sample Collection and Preparation
Water samples were collected on 3/12/74, 5/21-22/74, 6/17/74, 
8/19-21/74, 12/20-21/74, and 3/26/75 from the eight stations in Figure 1 
and also from Ponca, Rush, and Clabber Creeks. Two hundred and fifty 
to 500 ml of water was passed through a 0.45 pm filter and collected in 
a polyethylene bottle; eight drops of concentrated HCl per 100 ml of 
filtered water were added. A hand vacuum pump was used in the filtra­
tion. The Millipore filters were prewashed in the laboratory in 1:1 
HCl for 30 minutes and were rinsed with distilled, deionized water 
before the collection trip.
Many elements in the water require concentration before analysis 
by atomic absorption spectrometry. A procedure of chelation with 
diethydithiocarbamate (DDC) and extraction by methyl isobutyl ketone 
(MIBK) was used to concentrate Cd, Co, Cu, Cr, Ni, Mn, Fe, Zn, and Pb. 
In some samples Fe and Zn were present in concentrations large enough 
to allow direct determination in the water. Agreement between the re­
sults of direct water analysis and organic concentration was not al­
ways good. The organic extraction value is preferred over the direct 
water determination because there is less flame interference with the 
organic extract.
The organic concentration procedure was modified from that used 
by Nix and Goodwin (1970). One hundred and fifty milliliters of water 
was placed in a 250 ml Erlenmeyer flask. Three milliliters of phthalate 
buffer was added and the pH was adjusted to 3.6 ± 0.1 with 1 M HCl and
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1 M NaOH reagents. Ten drops of an indicator prepared from a 1:1 mix of 
bromeresol green (Sargent S-41665-KE) and benzo yellow (Sargent S-41665- 
KC) were added. Next 10 ml of DDC was added. The contents of the 
Erlenmeyer flask were transferred to a 500 ml Teflon stopcock sepratory 
funnel. Twenty-two milliliters of MIBK was added to the funnel and the 
contents were shaken briskly for 30 seconds. The funnel contents were 
allowed to stand and separate (this normally requires about one hour). 
The organic phase then was withdrawn for analysis. Transfer of material 
can be avoided by adding all reagents to a 200 ml volumetric flask. The 
organic phase will separate and rise into the neck of the flask and the 
aspirator for the atomic absorption spectrometer can be placed directly 
into the flask. This method was used for some of the latter samples.
The other elements in Tables 18 and A10 were determined by the 
standard atomic absorption spectrometry procedures described for bottom 
sediments. The detection limits for the organic extracted elements in 
ppb are Fe (0.5), Co (0.3), Cr (0.4), Ni (0.3), Cu (0.06), Zn (0.07), 
Cd (0.02), Mn (0.07), and Pb (0.7). Hg and As were not determined be­
cause of their extremely low concentrations.
Element Variation
Water concentrations of major elements along the Buffalo River 
(Fig. 48; Tables 19, A10) generally reflect the geology as in the case 
of the bottom sediments. Nix (1973) found similar relationships with 
close sampling of water along the river. Calcium and Mg increase in 
concentration downstream where carbonate rocks (limestone and/or dolo­
mite) are present. Although K and Na show very little variation along
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Figure 48. Dissolved river load (major elements) vs river miles.
Average values for each station plotted.
Table 19. Dissolved material in Buffalo River and four tributaries*.
Na K Ca Ma Fe Co Cr Ni Cu Zn Cd Pb Mn
Li *** Si ***
Sta­
tion
River 
Miles
Average values (ppb for six sampling periods, March 1974 to March 1975. pH T°C
D.O.
ppm
1
2
3
4
5
6
7
8
130
101
104
99.1
55.2
33.5
31.4
23.3
965 
1352 
1679 
1401 
1366 
1438 
1497 
1465
681
846
864
843
876
837
848
856
7440 
27033 
27383 
30600 
35567 
35817 
36133 
36900
995 
2288 
1799 
2231 
2470 
2893 
2925 
4182
21
19
12
11
9
18
10
8
6.6
2.8
3.7
3.6
3.1
3.9
4.2
4.1
<2
3
<2
<2
2
1.5
2.5
1.0
4.7
2.9
3.2
4.1
3.1
3.1
3.6
3.4
3.9
2.2
2.4
2.8
4.3
4.3
2.7
2.0
80
30
58
23
62
18
15
64
1.2
0.8
1.0
0.9
0.6
1.0
1.4
1.3
5.1
5.5
6.3
6.3
4.0
6.0
4.5
4.8
4.3
9.4
8.4
7.6
8.5
5.7
7.3
7.9
2.0
2.0
2.0
2.0
1.5
1.5
1.5
1.0
8.5
33
42
34
38
42
43
38
7.3
7.5
7.4
7.4
7.4
7.6
7.6
7.5
16.8
16.3
15.4
16.7
17.7
17.6
17.3
17.2
9.9
9.4
9.5
9.7
10.0
9.9
9.6
9.6
Clab-
ber Cr. 23.5 1132 861 51625 26575 6 4.4 42 4.0 1.3 14 1.2 2.6 7.7 2.0 33 - - -
Rush 23.7 1420 831 52125 8900 6 5.3 <2 4.1 1.6 41 1.4 6.8 4.1 2.0 32 - - -
Cr.
Ponca
Cr.
River
120 1487 985 41340 3084 7 3.7 4 4.6 2.2 32 0.9 4.7 9.9 2.0 33 - - -
1395 825 29609 2473 13 4.0 2 3.5 3.1 27 1.0 5.3 7.4 1.7 35 7.5 16.9 9.7
Average**
Creek - 1346 892 48363 12853 6 4.5 4 4.2 1.7 29 1.1 4.7 7.2 2.0 33 - -
Col ection 
Date
Average values (ppb) per collection date for eight stations Flowb 
CFS
(continued)
3-12-74
5- 22-74
6-17-74
8-21-74
12-21-74
3-26-75
1180 
1228 
1231 
2230 
1250 
1412
833
860
865 
1106
644
695
20600
29737
40587
45333
26262
25537
1611
2434
2779
3871
2248
2254
31
11
6
7
8
17
2
2
4.3
3.1
4.2
<2
<2
1.8 
<2 
<2
4.0
6.2
2.7
2.6
1.8
4.9 
44.0
1.4 
<1.0
1.7
1.5
7
29
51
16
97
20
1.4
1.2 
< 1.0 
<1.0
0.7
0.6
4.6
7.8
5.0
3.6
0.7
5.9
7.0
7.5
7.2
8.5
7.0
7.6
1.4
<2.0
1.9
52
26
31
7.5
7.4
7.6
7.4a
7.1
7.7
14
21
21
27a
6
12
9.9
8.4
8.8
8.0
12.5
10.6
5170
1003
1280
75
541
2060
103
Average**
Table 19 (cont'd).
* Tributaries are Station 3 (Little Buffalo River), Clabber Creek, Rush Creek, and Ponca Creek.
** River average includes Little Buffalo River, station 3.
Creek averages are for Clabber, Rush and Ponca Creeks only.
*** Only samples from last three collections analyzed.
aFor 8/14/74.
bCubic feet per second of water flow measured near station 5, approximate midpoint of river.
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the river, they are clearly present in lower concentrations upstream. 
Shale, which is relatively rich in these two elements compared with 
other rocks in the area, is present upstream. However, clay tends to 
scavenge Na and K from the water, sorbing them on its surface and be­
tween layers. Because of the presence of shale and clay particles in 
the bottom sediments upstream and possibly because of the presence of 
feldspar (a source of Na and K) downstream in sandstone, the trend for 
Na and K is a slight increase in concentration downstream.
Some of the minor elements follow trends similar to those of the 
major elements (Fig. 49A,B). Strontium substitutes for Ca in minerals, 
and is present in limestone. Strontium follows a trend similar to that 
of Ca, i.e., it increases in concentration downstream. A trend of de­
creasing Fe downstream is observed, probably because a major source of 
iron is the shale in the upper part of the drainage basin, and the 
dissolved iron is diluted and precipitated downstream. Li concentration 
decreases downstream. Because of the larger size of the hydrated Li 
ion, it is not strongly absorbed by clay and would not be expected to 
follow trends similar to those for Na and K. But because the shale 
is probably a major source of Li, the Li concentration is diminished 
downstream by dilution. Mn concentrations are relatively constant (4-9 
ppb). The low value for dissolved Mn is at station 1 in an area where 
a large amount of Mn is present in the bottom sediments (Table 6). 
The effectiveness of sorption processes there may be greater because 
of the large Fe and Mn concentrations, and thus a relatively greater 
amount of Mn may be removed from solution there than at other stations.
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Figure 49A, Dissolved river load (minor elements) vs river miles.
Average values for each station plotted.
107
Figure 49B. Dissolved river load (minor elements) vs river miles.
Average values for each station plotted.
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Pb values are extremely constant, whereas Zn concentration is quite 
variable.
The major ions (Ca, Mg, Na, and K) fluctuate seasonally, the 
greatest concentration being during late summer (Fig. 50). This 
pattern correlates with the flow pattern, with the greatest concen­
tration being during low flow for the river (Fig. 51). The correla­
tion can be explained as the result of the concentration of the ele­
ments by evapotranspiration during periods of least rainfall (or lack 
of dilution by rain).
Of the trace metals, Pb shows a seasonal pattern (Fig. 52). The 
pattern closely matches that for temperature and bears an inverse rela­
tion to dissolved oxygen variation with time. As the dissolved oxygen 
content increases the Pb content decreases. Mn solubility apparently 
is not affected by the aforementioned factors - the Mn concentration of 
the river is very stable throughout the year. The other element varia­
tions with time are irregular and there is no correlation with flow, 
temperature, or dissolved oxygen.
Adsorption Model
Many of the trace element contents of the bottom sediments were 
found to increase with the iron content of the sediments. The data are 
consistent with a model in which the bottom sediments, mostly quartz 
and chert, are coated with a film of iron oxide which acts as an adsor­
bent for the trace metals. It seems reasonable that the same model 
would hold for suspended sediments. Others (Morgan and Strumm, 1964; 
Strumm and Morgan, 1970) have shown that hydrous iron and manganese
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Figure 50. Dissolved river load (major elements) vs month of 
collection. Points are average values for eight 
stations.
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Figure 51. River water properties. Each point is an average value
for the eight stations except flow, which is for a
station near midpoint along the river, (stations).
Figure 52. Dissolved river load (minor elements) vs month of
collection. Points are average values for eight stations.
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oxides have large surface areas, are good adsorbers for Mn (II) ion, 
and obey the usual adsorption equations. In Figures 53-56 Langmuir 
adsorption isotherm plots are shown with data for Mn/Fe weight ratios 
in suspended sediments and soluble Mn contents (ppb) of the same sample 
of water from the Buffalo River.
The Langmuir equation is
which may be rearranged to
A plot of p/y versus p should give a straight line with a slope b/a and 
an intercept of 1/a. In this equation p is the equilibrium activity of 
Mn in solution, y is the amount of Mn adsorber per unit weight of Fe in 
the suspended sediments, and a and b are constants.
Activities of dissolved Mn were calculated by the following equation: 
activity of Mn = (0.85 X activity coefficient X measured Mn solubility. 
Activity coefficients were determined for each plotted point by calculat­
ing the ionic strength and determining graphically the corresponding 
activity coefficient from the plot of Morgan (1967, p. 573). The factor 
0.85 comes from 15% of the soluble Mn being estimated to be in the
MnHCO + complex (Morgan, 1967, p. 616).
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Figure 53. Graphic representation of Langmuir adsorption equation.
See text for detailed explanation.
Figure 54. Graphic representation of Langmuir adsorption equation.
See text for detailed explanation.
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Figure 55. Graphic representation of Langmuir adsorption equation. Samples 
shown were collected 12/21/74 (water temperature at the 8 sta­
tions 5"7°C). See text for detailed explanation.
116
Figure 56. Graphic representation of Langmuir adsorption equation.
Samples shown were, collected 3/26/75 (water temperature at 
the stations 11-13OC). See text for detailed explanation.
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Data for both bottom sediments and suspended sediments are plotted 
in Figures 53-56. Only data for the Buffalo River, not for tributaries, 
were used. The best fit straight lines were determined visually. Though 
a rigid test of reversible adsorption of the sediments is not possible 
because of the narrow range of concentration, it is qualitatively sig­
nificant that the data correspond rather well to straight lines with 
positive slopes. The observed trends are an expected result for rever­
sible adsorption. The negative intercepts in several cases would be 
unacceptable for the model. Possibly these are the result of p includ­
ing some organic Mn for which correction is not possible.
Thus, adsorption of Mn by oxide coatings of both suspended and 
bottom sediments seems reasonable. Because of low dissolved concen­
trations of other elements, it was not possible to determine whether 
they fit the Langmuir equation.
Water-Bottom Sediment Relationships
Because of the multitude of factors (e.g., pH, solubility, organisms, 
sorption, etc.) that may affect water and bottom sediments, it is not 
surprising that no simple relationship was observed. The very low con­
centration and narrow concentration range of trace elements in the water 
makes it difficult to delineate any relationships. There are no distinct 
correlations for water-bottom sediment element concentrations. Figures 
57 and 58 show the best correlations. This type of plot is not improved 
by use of element/Fe ratios (e.g., Figs. 59, 60). These graphs indi­
cate that neither the amount of an element in the bottom sediments nor
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Figure 57. Mn in bottom sediments vs dissolved Mn.
119
Figure 58. Pb (dissolved) vs Pb content of bottom sediments.
120
Figure 59. Dissolved Mn vs Mn/Fe ratio of bottom sediments.
121
Figure 60. Dissolved K vs K/Fe ratio of bottom sediments.
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its concentration in the iron oxide coating of sediments is not the 
dominant factor controlling the concentration of the element in the 
water. Pb is the only exception to the foregoing statements. As 
shown in Figure 58, there is a correlation of increasing Pb content in 
the water with increasing Pb content in the bottom sediments. There 
is no relation between station (location along the river) and the trend 
of Figure 58. The cause of the observed relationship is not known, but 
whatever the factor it causes more Pb to be dissolved in Pb enriched 
areas (or high concentration of Pb in the water causes Pb deposition 
which increases the Pb content of the bottom sediments). This relation­
ship is not shown clearly if Pb/Fe ratio of the bottom sediments is used 
instead of Pb. Thus, the iron oxide coating of the grains is not the 
controlling factor for dissolved Pb. There is evidence that Pb clasts 
are present in the bottom sediments (Fig. 24) and apparently it is the 
solubility of these grains that affects the concentration of Pb in the 
water.
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CONCLUSIONS
Elements are present in iron oxide coatings of the bottom sediments 
and many are also present as mineral clasts. Sorption of dissolved ele­
ments by the iron oxide coatings on the bottom sediments is indicated, 
and Mn concentration in the water and in the suspended sediments is con­
sistent with adsorption according to the Langmuir equation.
The trends of element concentrations, especially in the water and 
the bottom sediments, correspond with rock type changes and abundance 
of the rock types in the river valley. Unique sediments from tributaries 
are diluted quickly by the mainstream sediments. Water composition also 
is affected by flow, which fluctuates seasonally. During low flow (August) 
the major element content of the water increases because of lack of dilu­
tion by rain. The trace element concentrations are more variable.
Because of the narrow concentration ranges and very low element con­
centrations in the water, relationships between the sediments and the water 
are not easily defined. In the case of Mn, adsorption appears to be the 
dominant factor for Mn concentration in the sediments and water. The 
other elements' concentrations apparently are controlled by several fac­
tors and thus the problem of correlating water and sediment composition 
is even more difficult. Because of the restricted concentration ranges 
for water from the Buffalo River, additional water-sediment data would 
make possible a better test of the hypothesis that sediment composition 
is an integrating factor for water quality. However, the sediment from 
the Buffalo River can be treated as a rough indicator of the river water 
quality at this time.
APPENDIX
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Figure Al. Cu and Ni vs Mn. Close sampling of bottom sediments.
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Figure A2. Pb and Cr vs Mn. Close sampling of bottom sediments.
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Table Al. Sample locations in river miles.
Sample Location
Miles From 
White River Notes
4S17 
4S16 
4S15 
4S14 
4S13
45121
45122
45123
4S11 
4S10 
4S9 
4S8 
4S7 
4S6 
4S5 
4S4 
4S3
2S82 
3S83 
S12
5 
4S1b 
4S1m 
4S1t
6 
4S2 
S11
2S83 
3S82 
2S81 
3S81
4 
3
White River
Stewart Creek
Below Cow Creek 
Brush Creek No. 2 
Leatherwood Creek 
Leatherwood Creek 
Leatherwood Creek
Short Creek
Big Creek
Brush Creek No. 1
Boat Creek
Cedar Creek
Cabin Creek
Below Clabber Creek
Below Clabber Creek
Below Clabber Creek
East Bank, Mouth of Clabber Creek
Across Buffalo River from Clabber Creek 
Across Buffalo River from Clabber Creek 
Across Buffalo River from Clabber Creek
Across Buffalo River from Clabber Creek 
100 yards in Clabber Creek 
100 yards in Clabber Creek 
100 yards in Clabber Creek 
100 yards in Clabber Creek 
100 yards in Rush Creek 
100 yards in Rush Creek
0
2.3
2.5
3.8
5.6
7.4
7.4
7.4
9.0
13.1
15.8 
19.0 
21.0
21.2 
22.0 
22.1
22.7 
23.1 
23.1 
23.3 
23.5 
23.5 
23.5 
23.5
23.5
23.5
23.5
23.5
23.5
23.7 
23.7
26.5 
29.0
4S121 at edge of stream, 
4S122 taken 15 linear feet 
normal to river and 4S123 
taken 30 linear feet nor­
mal to river.
Station 8
Station 8
Station 8
4S1 b at waters edge at 
bottom of sand bank, 
4S1 m 3 feet up sand 
bank, 4S1t top of sand 
bank (3 feet more).
(continued)
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Table Al (Cont'd).
Sample Location
Miles From 
White River Notes
2
S2 
5S15 
2S7 
3S7
1 
5S14
5S131
5S132
S3
2S6 
3S6
5S11
5S12 
5S10 
5S9 
5S8
5S7
5S61
5S62 
5S5 
5S4 
5S3, 
5S32 
2S5
S4 
3S5 
5S2 
5S1
S6
2S4
3S4
S7 
2S2 
3S2
State Park 
State Park 
State Park 
State Park 
State Park, Boat Launch Area 
Rock Creek
Highway 14 Bridge (Station 6) 
Highway 14 Bridge (Station 6)
Highway 14 Bridge (Station 6) 
Highway 14 Bridge (Station 6) 
Highway 14 Bridge (Station 6} 
Water Creek
Kimball Creek 
Spring Creek 
Maumee Crossing 
Little Rocky Creek 
Rocky Creek 
Tomahawk Creek 
Tomahawk Creek 
Brush Creek 
Bear Creek
Dry Creek at Gilbert 
Dry Creek at Gilbert 
Dry Creek at Gilbert 
Dry Creek at Gilbert 
Dry Creek at Gilbert 
Further Below Highway 65 Bridge 
Just Below Highway 65 Bridge 
Hasty
Hasty 
Hasty 
Pruitt 
Pruitt 
Pruitt
31.2
31.4
31.4
31.4
31.4
32.0
32.2
33.5
33.5
33.5
33.5
33.5
35.4
35.5
39.2
43.0
45.9
46.5
49.2
49.2
53.2
53.7
55.2
55.2
55.2
55.2
55.2
55.8
58.7
94.1
94.1
94.1
101
101
101
Station 7
Station 7
Station 7
Station 7
5S132 from 3" depth on 
bank in organic looking 
sediment.
Station 6
Station 6
Station 6
Station 5
Station 5
Station 5
Station 5
Station 5
Station 4
Station 4
Station 4
Station 2
Station 2
Station 2
(continued)
129
Table Al (Cont'd).
Sample Location
Miles From 
White River Notes
S5
2S3
3S3
S8
2S1
3S1
Jasper (on Little Buffalo River) 
Jasper (on Little Buffalo River) 
Jasper (on Little Buffalo River) 
Boxley
Boxley 
Boxley
104.2
104.2
104.2
130
130
130
Station 3
Station 3
Station 3
Station 1
Station 1
Station 1
Table A2. Comparison of hydrofluoric (HF) openings and aqua regia extraction of sediment samples. Numbers 
above line are for duplicate HF openings. The first value below the line is the average HF value 
and the second value is for the aqua regia extraction. All values in ppm except Fe which is in 
weight percent.
Sample Fe Mn Zn Ca Mg K Na Cd Ni Co Pb Cu Cr Mo
S8A
2S1A
3S1A
2S2A
2S3A
3S3A
2S4A
2.80
2.03
3.66
3.47
3.57
2.53
2.44
1.94
1.31
1.01
1.79
1.67
1.73
1.37
2.35
1.69
1.33
0.95
642
902 
1010
673
841
956
503
508
194
235
222
192
207
250
318
280
151
180
68
70
91
54
72
58
47
58
69
58
54
44
49
58
57
78
53
49
605
970
640
3380
2578
2060
887
1420
563
2170
1960
2065
750
1205
500
694
313
1000
912
956
313
1235
405
746
294
5820
186
9070
8126
8598
299
4270
184
1666
77
3076
2662
2869
119
3720
164
1925
74
1920
9
3370
1890
2630 
0
1360
136
2330 
0
1468
800
1134 
18
818
227
2480
59
1.2
0.9
1.6
0.4
1.2
1.7
0
1.3
0.5
1.5
2.0
1.2
1.6
1.5
1.6
1.4
0.5
1.3
27
15
49
35
41
20
25
17
16
6
20
15
17
11
23
17
17
6
10
13
26
13
19
15
4
7
10
4
11
4
7
4
6
6
11
4
17 
11
21
20
21
15
2
9
15
7
16
16
16
10
23
17
12
5
6
6
15
15
15
9
4
6
10
2
12
3
7
4
4
5
7
2
45
7
80
66
73
23
45
18
28
4
69
113
91
10
152
13
84
6
22*10
10
10∓10
10
10
10
10
10
130
(continued)
Table A2 (cont'd) .
(continued)
Sample Fe Mn Zn Ca Mg K Na Cd Ni Co Pb Cu Cr Mo
S5A
2S5A
3S5A
2S6A
2S7A
2S81A
2.48
1.74
1.40
1.32
1.32
1.28
1.29
1.32
1.01
1.05
0.81
1.03
0.75
1.41
1.39
1.40
0.94
0.57
0.56
0.57
0.36
332
400
272
216
218
272
274
288
152
152
186
195
318
322
320
342
212
209
211
240
62
79
50
39
50
48
48
54
30
33
103
113
88
90
89
79
4380 
4185
4050
740
1670
843
2803
2300
3800
2725
11,000 
9,600
1210
476
890
782
811
762
794
313
540
250
976
563
1235
1200
1217
608
3850
3960
3250
3770
278
2810
2230
2530
2410
2250
104
1343
92
1816
99
2880
2846
2863
124
1745
1940
42
845 
0
2642
705 
1200 
1478 
1410
0
1055 
0
1378 
0
1513
1700
1605 
0
2360 
1063
0
1.2
0.5
0.9
0.7
0.4
0.5
0.5
0
0.7
0.9
0.9
1.7
0.8
0.5
0.6
0.5
30
27
29
34
23
13
16
15
14
13
14
14
9
8
9
16
5
18
18
18
6
10
10
10
5
9
9
7
6
2
15
12
5
6
7
7
5
11
11
11
7
7
9
8
6
22
9
4
6
0
23
16
6
0
5
4
6
8
6
7
8
15
12
14
8
9
5
7
3
2
4
4
3
2
3
7
3
7
7
7
4
11
5
8
6
65
9
23
33
39
38
37
12
33
12
23
10
33
28
30
13
10
9
9
5
10+10
21*10
10
10 
20+10 
21*10
22+10
21*10
10
10
53+10
10*10
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Table A2 (cont'd).
Sample Fe Mn Zn Ca Mg K Na Cd Ni Co Pb Cu Cr Mo
3S81A
2S83A
2S82A
0.48
0.28
0.65
0.39
0.66
0.44
205
187
221
227
135
132
2255
2180
487
500
556
430
7080
25,900
25,000
7300
3450
2940
7270
6300
2940
2050
1825
39
5040
47
2165
59
1040
45
2650
2
1200
0
14
20
3.1
6.3
4.2
5.0
7
6
12
5
9
3
1
6
11
6
9
4
0
5
22
14
14
6
3 
1
9
5
8
3
7
3
11
4
3
6
10
10
10
132
Table A3. Data for eight stations (5/22/73 to 6/24/73).
*
Sample
ppm***
Na
ppm 
K
ppm 
Mg
ppm 
Ca
ppm 
Zn
ppm 
Cu
ppm 
Pb
Wt.% 
Fe
ppm 
Cd
ppm 
Co
ppm 
Cr
ppm 
Ni
ppm 
Mn
ppm 
Zr
Wt.% 
-95 
Mesh
S11AP1 
s 12ap 1 
S2AP1 
S3AP1 
S4AP1 
S5AP1 
S6AP1 
S7AP1 
S8AP1 
2S1A1 
2S2A1 
2S3A1 
2S4A1 
2S5A1 
2S6A1 
2S7A1 
2S81A1 
2S82A1 
2S83A1 
3S1A1 
3S2A1 
3S3A1 
3S4A1 
3S5A1 
3S6A1 
3S7A1 
3S81A1 
3S82A1 
3S83A1
20
5
0
0
0
0
0
0
9
0
0
18
59
0
0
0
0
0
2
136
127
227
49
0
9
45
45
36
0
160
138
154
158
198
278
204
163
186
299
77
119
74
104
99
124
42
59
47
184
99
164
124
92
74
97
39
87
87
3,650
888
500
613
363
476
525
375
563
750
313
313
294
313
563
608
3,250 
2,050 
6,300
500
470
405
388
250
936
625
2,940
5,750
1,620
18,230
2,115
740
990
928
740
990
1,302
605
970
3,380
1,460
887
1,670
2.300
2,725
9,600
7,300 
25,000
640 
13,700 
2,060 
3,040
843
2,290
3,400
7,080 
33,400
6,800
136
343
92
67
42
79
48
42
70
58
58
58 .
49
54
113
79 
4,050 
430
500
58
78
78
58
33
104
87
2,180
365
350
6.0
2.5
2.5
1.5 
4.0
5.5 
4.0
2.5
5.8
8.8
1.8
4.4
2.3
2.9
2.6
3.7
5.9 .
2.7
5.3
5.8
3.3
5.3
4.7
2.7
2.7
2.7
1.1
9.2
3.4
10.0
6.2
6.8
7.5
6.8
8.8
7.0
3.8 
11.0 
15.0
7.0
9.9
4.6
6.2
5.6
7.6
7.6
5.6 
14.0
8.9
8.3 
17.0 
11.0
4.6
3.9
5.6
4.6 
14.0
5.6
0.32
0.61
0.82
0.82
1.06
1.74
1.28
0.84 
2.03 
2.53 
1.01
1.37
0.95
1.01
0.75
0.94
0.36
0.44
0.39
1.94
0.86
1.69
1.03
0.81
0.72
0.86
0.28
0.42
0.70
1.8
2.2
0.62
0.62
0.29
0.47
0.29
0.14
0.90
1.7
1.5
1.5
1.3 
0 
1.7
0.5
34
5.0
6.3
1.3
0.9
1.4
0.7
0.9
0.9
1.3
19.6
4.6
3.3
3.8
3.8
3.8
3.8
3.8
9.1
7.2
3.0
13.3
15.4
3.8
3.8
3.8
4.9
4.9
7.2
6.1
3.8
6.1
7.2
7.2
6.1
5.1
7.2
6.1
7.2
6.1
8.2
6.1
6.5
5.0
5.5
3.5
6.5
9.0
5.5
3.0
7.0
23
3.5
10
5.5
12
10
13
5.0
6.0
3.5
18
12
13
3.5
12
10
6.0
3.5
7.0
7.5
6.4
6.4
6.4
6.4
9.0
13.0
9.0
6.4 
15.0 
200
6.4
11.0
6.4
9.0
4.5
6.4
4.5
2.5
4.5 
17.0 
11.0 
17.0
13.0
9.0
9.0
9.0
6.4
6.4
9.0
277
128
162
162
292
400
278
173
902
956
235
250
180
288
195
342
240
132
227
508
240
280
400
152
190
305
187
335
162
75
2,820
390
120
330
720
390
360
600
120
1,020
1.3
3.1
4.4
6.7
6.9
1.1
13.0
2.9
3.1
0.84
3.6
1.7
1.9
6.9
5.3
17.0
0.44
5.8
0.41
0.66
0.76
0.38
1.3
1.8
3.6
4.9
2.2
0.56
6.1
* S series collected 5/22-23/73, 
** 0= 4.
133
2S series collected 6/9/73, 3S series collected 6/24/73.
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Table A4. Summary of x-ray fluorescence iron analyses (two theta 
equals 51.8). Lithium fluoride analyzing crystal.
Sample
Peak 
Height(mm)
P.H.*
(P.H.) 4A
Wt.
%Fe2O3
‡
X-Ray Wt.
% Fe*** A.A. %Fe
Max.%
A.A./ 
X-Ray Fe
Date 
Analyzed 
by X-Ray
*P.H. = Peak Height.
JG1 (Standard) 75 1.17 2.00 4/18/73
GH (Standard) 58 0.91 1.30 "
QMCl1 " 31 0.52 0.53 "
4A (55 - 64) † 1.0 1.55 "
1A 56 0.98 1.51 1.06 0.93 88 ft
2A 56 0.98 1.51 1.06 0.83 78 It
3A 57 1.04 1.64 1.15 0.76 66 "
5A 51 0.93 1.40 0.98 0.85 87 If
5B 13 0.25 <0.25 - - -
6A 53 0.88 1.30 0.91 0.69 75
4A 73 1.0 1.50 1.05 .83 79 7/15/73
QMCI1 25 0.34 0.53 - - - If
GH 69 0.95 1.30 - - - "
G2 122 1.67 2.68 - - - "
S6A 127 1.74 2.60 1.82 1.28 70 ft
S5A 147 2.02 3.02 2.12 1.74 82
S4A 102 1.40 2.10 1.47 1.06 72 ft
S3A 86 1.18 1.77 1.24 0.82 66 ft
S1, A 36 0.49 0.74 0.52 0.32 62 ft
 S2A 84 1.15 1.73 1.21 0.82 68 If
S12A 56 0.77 1.15 0.81 0.63 78 If
| S7A 81 1.11 1.67 • 1.17 0.84 72 ft
S8A 198 2.72 4.08 2.86 2.03 71
ft
3S83A 68 0.93 1.41 0.99 0.70 71
3S81A 39 0.64 0.94 0.67 0.28 42
"
S6Aa (Spiked) ††162 2.22 3.32 - - -
S6Ab (Spiked) 170 2.32 3.46 - - -
S6AC(Spiked) 203 2.78 4.17 - - ' -
"
4A 58 1.0 1.50 - - - 9/2/73
4S1bA 63 1.09 1.63 1.14 0.777 68
If
4S5A 60 1.04 1.56 1.09 0.843 75
"
4S9A 56 0.97 1.46 1.02 0.800 78
"
4S12,A 64 1.11 1.66 1.16 0.800 69
4S14A 47 0.81 1.16 0.81 0.607 75
ft
4S16A 51 0.88 1.32 0.92 0.674 73
"
4S17A 64 1.10 1.65 1.15 0.734 64 "
**’% Fe = 0.7 X % Fe2O3.
‡ The Fe2O3 represents total iron calculated 
as Fe2O3.
t Peak heights were run on 4A after every three measurements on 
other samples and this slightly variable value used for the next 
three samples.
††0.54% Fe2O3 added to S6Aa; 1.0% added to S6Ab; and 1.5% 
added to S6Ac extrapolated gives 2.70% Fe2 O3 for S6Aa.
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Table A5. Summary of x-ray fluorescence zirconium analyses (two theta 
equals 22.5). Lithium fluoride analyzing crystal.
Sample
Peak 
Height(mm)
P.H.*
(PH)4A
=X **
(μ/g)Zr =B X
B
b4A ppm Zr
Date 
Analyzed
* P.H. = peak height, 4A = internal standard. 
** (μ/g)zr = mass absorption coefficient for Zr,
SY1 (Standard) 132 4.7 9.2 6.76 3040 4/18/73
GSP1 ( " ) 26 0.93 7.6 1.11 554 "
GH ( " ) 11 0.39 6.3 0.38 166 "
4A 27 1.0 6.4 1.0 480 "
1A 10 0.36 6.4 0.36 165 "
2A 19 0.68 6.4 0.68 315 "
3A 10 0.36 6.5 0.36 165 "
5A 33 1.22 6.4 1.22 555 "
6A 90 3.33 6.3 3.29 1485 ":
GSP1 (Standard) - 1.13 7.6 1.34 554 7/15/73
SY-1 ( " ) - 4.0 9.2 5.75 3040 "
G2 ( " ) - 0.60 6.9 0.65 316 "
GH ( " ) 0.27 6.4 0.27 166 ft
G2 ( " ) - 0.70 6.9 0.75 316 ft
GH ( " ) - 0.34 6.4 0.34 166 "
S11A - 0.16 6.1 0.15 75 "
S12A - 6.35 6.3 6.25 2820 "
S2A - 0.84 6.5 0.85 390
S3A - 0.24 6.6 0.25 120
S4A - 0.67 6.7 0.70 330 "
S5A - 1.45 7.0  1.59 720 "
S6A - 0.80- 6.9 0.86 390 "
S7A - 0.76 6.5 0.77 360 "
S8A - 1.14 7.5 1.34 600 "
3S81A - 0.26 6.2 0.25 120 "
3S83A - 2.26 6.4 2.26 1020 "
4A 55 1.0 6.4 1.0 450 9/2/73
4S1bA 51 0.93 6.5 0.95 440 "
4S5A 47 0.86 6.4 0.86 400 "
4S9A 52 0.95 6.4 0.95 440 "
4S121A 41 0.75 6.5 0.76 350 "
4S14A 33 0.60 6.3 0.59 280 "
4S16A 185 3.37 6.4 3.37 1515 "
4S17A 43 0.78 6.5 0.79 310 "
Table A6. Miscellaneous bottom sediment data. F8 and F7 series compare samples collected near to 
one another, duplicates, and effect of collecting sediment above water level. The creek 
samples all were collected along major roads in the Boxley-Ponca area. The last two creek 
samples were collected 12/21/74 and all the others 5/22/74. Values in ppm.
* Extracted with HNO3: HCl ratio of 2:5-
Sample Na K Ca Mg Fe Co Cr Ni Cu Zn Cd Pb Mn
F8
F8A 100 yds. upstream 
from F8
F7
F7A 8" above water
F7B 26" above water
F7C 400' from F7 downst. 
F7D* 460' from F7 downst. 
F7E duplicate of F7D 
F7E1 duplicate of F7D 
F7F 4931 from F7 downst. 
Calf Creek
Youngs Creek 
Sheldon Creek 
Cecil Creek 
Smith Creek 
Beech Creek 
Moore Creek
15
20
5
15
2
15
7
7
10
6
12
19 
11
27
27
27
21
23
3
112
192
109
137
91
162
139
103
102
103
180
309
196
449
399
359
254
207
172
13637
8861
701
1081
359
3006
976
945
575
459
2945
4200
4230
2325
2445
1540
2825
4246
2746
2738
1819
379
491
302
574
452
453
434
382
269
1206
239
829
709
846
427
662
399
6786
12295
8050
8607
6590
9625
8549
8591
8378
9208 
12609 
17512
3403 
32250 
23550 
25400 
19350
24499
14374
7.0
13
1
5
1
7
7
11
10
10
9
19
11
18
30
17
12
16
11
8
11
10
11
8
8
13 
11
10
13
13
15
8
22
20
21
14
17
17
14
17
7
9
5
10
8
7
6
7
13 
25
15 
34 
31 
25 
21
29
14
4
6
2
2
1
12
2
2
2
2
4
9
5
11
11
9
6
10
10
183
155
65
69
62
95
59
59
68
64
31
57
26
76
70
98
52
873
29
7.7
1.3
0.4
0.8
0.3
0.5
0.4
0.4
0.4
0.1
0.4
0.6
0.1
0.7
0.2
0.2
0.1
1.3
1.0
2
11
1
1
0.2
0.3
10
10
0. 1
0.6
0.1
30
13
25
0.2
36
15
3
30
258
351
162
226
105
296
194
203
178
180
373
848
517 
1141 
1066 
1258
800
1200
750
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TABLE A7. Concentration of elements in bottom sediments. Mg in ppm.
B 
STATIONS
C D E F G H I J MEAN 
FOR STATIONS
1
2
3
4
5
6
7
8
R
C
P
563.0
375.0
476.0
525.0
363.0
613.0
500.0
888.0
0.0
3650.0
0.0
750.0
313.0
313.0
294.0
313.0
563.0
608.0
205.0
250.0
300.0
0.0
500.0
470.0
405.0
388.0
250.0
936.0
625.0
1620.0
2940.0
5750.0
0.0
623.0
435.0
426.0
624.0
291.0
488.0
353.0
874. 0
0.0
0.0
560.0
444.0
264.0
469.0
417.0
173.0
7 04.0
379.0
2738.0
4275.0
5875.0
0.0
469.0
393.0
564.0
410.0
187.0
298.0
144.0
444.0
4624.0
6199.0
486.0
337.0
312.0
524.0
312.0
287.0
787.0
474.0
687.0
4374.0
8749.0
462.0
674.0
424.0
524.0
399.0
286.0
886.0
336.0
1574.0
3125.0
8750.0
335.0
612.0
600.0
537.0
337.0
237.0
350.0
375.0
762.0 
4062.0 
5937.0
475.0
552.4
398.4
470.9
411.8
265.2
625.0
421.6
1088.0
3 37 8.6
5651.3
46 3.6
MEAN FOR RIVER BY DATE:
537.9 419.9 649.3 514.3 698.5 363.6 465.0 637.9 476.3
MEAN FOR CREEKS BY DATE:
3650.0 275.0 4345,0 56 0.0 5075.0 3769.7 4528.3 4070.0 3491.3
1-8 REPRESENTS STATIONS SHOWN IN FIGURE 1.
R - RUSH CREEK, C - CLABBER CREEK, P - PONCA CREEK.
0.0 - INDICATES NO SAMPLES COLLECTED.
(continued)
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TABLE A7 (CONTINUED). CONCENTRATION OF CD IN BOTTOM SEDIMENT SAMPLES (ppm).
STATIONS
B C D E F G H I J MEAN 
FOR STATIONS
1
2
3
4
5
6
7
8
R
C
P
0.9
0.1
0.5
0.3
0.3
0.6
0.6
2.2
0.0
1.8
0.0
1.7
1.5
1.5
1.3
0.0
1.7
0.5
5.0
34.0
6.3
0.0
1.3
0.9
1.4
0.7
0.9
0.9
1.3
3.3
19.6
4.6
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
3.5
0.1
0.4
0.7
2.8
0.1
0.4
0.4
7.7
15.2
6.0
0.0
0.1
4.8
0.9
0.1
1.4
2.3
0.5
1.4
17.2
3.3
7.4
1.0
0.8
2.0
0.5
1.3
0.8
1.0
0.8
18.5
5.0
1.3
1.3
1.0
1.0
1.3
1.0
1.8
0.8
9.5
35.5
8.0
4.3
0.7
1.6
0.5
0.2
0.1
0.7
1.0
0.7
24.1
0.7
1.2
0.9
1.4
1.1
0.9
0.7
1.1
0.8
3.8
23.4
4.5
3.5
MEAN FOR RIVER BY DATE:
0.7 1.9 1.3 0.0 1.6 1.4 1.0 2.2 0.7
MEAN FOR CREEKS BY DATE:
1.8 20.1 12.1 3.5 10.6 9.3 8.3 15.9 8.7
1-8 REPRESENTS STATIONS SHOWN IN FIGURE 1.
R - RUSH CREEK, C - CLABBER CREEK, P - PONCA CREEK.
0.0 - INDICATES NO SAMPLES COLLECTED.
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(continued)
table  A7 (CONTINUED). CONCENTRATION OF NI IN BOTTOM SEDIMENT SAMPLES (ppm).
B 
STATIONS
C D E F G H I J MEAN 
FOR STATIONS
I
2
3
4
5
6
7
8
R
C
P
15.0
6.0
13.0
9.0
9.0
6.0
6.0
6.0
0.0
6.0
0.0
20.0
6.0
11.0
6.0
9.0
4.0
6.0
2.0
5.0
5.0
0.0
17.0
11 .0
17.0
13.0
9.0
9.0
9.0
9.0
6.0
6.0
0.0
23.0
15.0
15.0
15.0
13.0
8.0
6.0
11.0
0.0
0.0
22.0
18.0
10.0
16.0
9.0
8.0
11.0
7.0
14.0
12.0
11 .0
0.0
16.0
17.0
25.0
13.0
9.0
9.0
10.0
9.0
11.0
10.0
22.0
16.0
9.0
16.0
9.0
9.0
6.0
11 .0
11 .0
11 .0
19.0
14.0
21.0
9.0
19.0
14.0
11.0
9.0
6.0
9.0
9.0
36.0
19.0
19.0
17.0
20.0
12.0
12.0
11.0
11 .0
12.0
11.0
8.0
6.0
18.3
11.1
16.9
11.1
9.9
8.1
8.0
9.2
9.3
12.6
16.6
MEAN FOR RIVER BY DATE:
8.8 8.0 11.8 13.3 11.6 13.5 10.9 12.3 14.3
MEAN FOR CREEKS BY DATE:
6.0 5.0 6.0 22.0 11.5 14.3 14.7 21.3 8.3
1-8 REPRESENTS STATIONS SHOWN IN FIGURE 1.
R - RUSH CREEK, C - CLABBER CREEK, P - PONCA CREEK.
0.0 - INDICATES NO SAMPLES COLLECTED.
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(continued)
TABLE A7 (CONTINUED). CONCENTRATION OF CR IN BOTTOM SEDIMENT SAMPLES (ppm) .
STATIONS
B C D E F G H I J MEAN
FOR STATIONS
1
2
3
4
5
6
7
8
R
C
P
7.0
3.0
9.0
5.0
6.0
3.0
5.0
5.0
0.0
7.0
0.0
23.0
3.0
10.0
5.0
12.0
10.0
13.0
6. 0
5.0
4.0
0.0
18.0
12.0
13.0
3.0
12.0
10.0
6.0
7.0
3.0
7.0
0.0
14.0
14.0
17.0
11.0
10.0
8.0
7.0
9.0
0.0
0.0
15.0
12.0
11.0
17.0
11 .0
10.0
10.0
10.0
8.0
5.0
4.0
0.0
26.0
29.0
30.0
17.0
15.0
14.0
111.0
8.0
7.0
4.0
16.0
15.0
7.0
10.0
10.0
7.0
7.0
5.0
7.0
2.0
2.0
10.0
18.0
10.0
15.0
8.0
10.0
18.0
2.0
5.0
10.0
28.0
8.0
17.0
12.0
16.0
10.0
9.0
7.0
6.0
5.0
4.0
3.0
12.0
16.7
11.2
15.2
8.9
10.1
9.7
7.2
6.7
5.1
7.4
12.2
MEAN FOR RIVER BY DATE:
5.4 10.3 10.1 11.3 11.1 18.8 8.5 10.8 10.3
MEAN FOR CREEKS BY DATE:
7.0 4.5 5.0 15.0 4.5 9.0 4.7 15.3 6.3
1 - 8 REPRESENTS STATIONS SHOWN IN FIGURE 1.
R - RUSH CREEK, C - CLABBER CREEK, P - PONCA CREEK.
0.0 - INDICATES NO SAMPLES COLLECTED.
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(Continued)
TABLE A7 (CONTINUED). CONCENTRATION OF NA IN BOTTOM SEDIMENT SAMPLES (ppm).
STATIONS
B C D E F G H I J MEAN 
FOR STATIONS
1 9.0 2.0 136.0 4.0 29.0 12.0 16.0 5.0 15.0 25.3
2 2.0 2.0 127.0 3.0 5.0 26.0 4.0 6.0 11 .0 20.7
3 2.0 18.0 227.0 5.0 16.0 23.0 5.0 9.0 21.0 36.2
4 2.0 59.0 49.0 2.0 15.0 12.0 8.0 6.0 4.0 17.4
5 23.0 2.0 2.0 2.0 4.0 9.0 3.0 6.0 12.0 7.0
6 2.0 2.0 9.0 2.0 7.0 11.0 8.0 6.0 4.0 5.7
7 2.0 2.0 45.0 2.0 5.0 8.0 11.0 6.0 4.0 9.4
8 2.0 2.0 5.0 2.0 15.0 4.0 25.0 1.0 8.0 7.1
R 0.0 2.0 45.0 0.0 18.0 12.0 24.0 5.0 14.0 17. 1
C 20.0 2.0 36.0 0.0 30.0 19.0 30.0 61.0 19.0 27.1
P 0.0 0.0 0.0 2.0 0.0 12.0 11.0 6.0 10.0 8.2
MEAN FOR RIVER BY DATE:
5.5 11.1 75.0 2.8 12.0 13.1 10.0 5.6 9.9
MEAN FOR CREEKS BY DATE:
20.0 2.0 40.5 2.0 24.0 14.3 21.7 24.0 14.3
1-8 REPRESENTS STATIONS SHOWN IN FIGURE 1.
R - RUSH CREEK, C - CLABBER CREEK, P - PONCA CREEK.
0.0 - INDICATES NO SAMPLES COLLECTED.
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TABLE A7 (CONTINUED). CONCENTRATION OF CU IN BOTTOM SEDIMENT SAMPLES (ppm).
STATIONS
B C D E F G H I J mean  
FOR STATIONS
1 6.0 9.0 6.3 8.0 5.0 6.0 4.0 8.0 8.0 6.7
2 3.0 2.0 3.0 5.0 2.0 3.0 5.0 3.0 6.0 3.6
3 6.0 4.0 5.0 4.0 6.0 8.0 8.0 10.0 9.0 6.7
4 4.0 2.0 5.0 4.0 3.0 3.0 5.0 5.0 5.0 4.0
5 4.0 3.0 3.0 2.0 1.0 1.0 5.0 5.0 5.0 3.2
6 2.0 3.0 3.0 1.0 3.0 2.0 5.0 3.0 3.0 2.8
7 3.0 4.0 3.0 1.0 2.0 2.0 4.0 3. 0 3.0 2.8
8 3.0 3.0 3.0 4.0 4.0 1.0 3.0 5.0 5.0 3.4
R 0.0 6.0 1.0 0.0 8.0 6.0 7.0 8.0 10.0 6.6
C 6.0 5.0 9.0 0.0 8.0 7.0 9.0 12.0 8.0 8.0
P 0.0 0.0 0.0 3.0 0.0 7.0 5.0 5.0 7.0 5.4
MEAN FOR RIVER BY DATE:
3.9 3.8 3.9 3.6 3.3 3.3 4.9 5.3 5.5
MEAN FOR CREEKS BY DATES
6.0 5.5 5.0 3.0 8.0 6.7 7.0 8.3 8.3
1-8 REPRESENTS STATIONS SHOWN IN FIGURE 1.
R - RUSH CREEK, C - CLABBER CREEK, P - PONCA CREEK.
0.0 - INDICATES NO SAMPLES COLLECTED,
142
TABLE A7 (CONTINUED). CONCENTRATION OF CO IN BOTTOM SEDIMENT SAMPLES (ppm).
STATIONS
B C D E F G H I J MEAN 
FOR STATIONS
I 13.0 15.0 7.0 11.0 14.0 12.0 11.0 18.0 9.0 12.2
2 3.0 4.0 7.0 9.0 3.0 2.0 5.0 8.0 13.0 6.0
3 9.0 4.0 6.0 9.0 15.0 8.0 8.0 13.0 8.0 8.9
4 7.0 4.0 6.0 7.0 9.0 11.0 5.0 8.0 5.0 6.9
5 4.0 5.0 7.0 5.0 7.0 8.0 5.0 7.0 5.0 5.9
6 4.0 5.0 6.0 3.0 12.0 5.0 4.0 5.0 3.0 5.2
7 4.0 7.0 7.0 4.0 1.0 6.0 6.0 3.0 4.0 4.7
8 4.0 4.0 6.0 6.0 7.0 8.0 5.0 3.0 8.0 5.7
R 0.0 6.0 6.0 0.0 14.0 11.0 8.0 7.0 7.0 8.4
C 4.0 6.0 8.0 0.0 16.0 8.0 20.0 30.0 6.0 12.3
P 0.0 0.0 0.0 15.0 0.0 16.0 8.0 11.0 7.0 11.4
MEAN FOR RIVER BY DATE:
6.0 6.0 6.5 6.8 8.5 7.5 6.1 8.1 6.9
MEAN FOR CREEKS BY DATE:
4.0 6.0 7.0 15.0 15.0 11.7 12.0 16.0 6.7
1-8 REPRESENTS STATIONS SHOWN IN FIGURE I.
R - RUSH CREEK, C - CLABBER CREEK, P - PONCA CREEK.
0.0 - INDICATES NO SAMPLES COLLECTED.
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TABLE A7 (CONTINUED). CONCENTRATION OF FE IN BOTTOM SEDIMENT SAMPLES (ppm).
STATIONS
B c D E F G H I J MEAN 
FOR STATIONS
1
2
3
4
5
6
7
8
R
C
P
2.0
0.8
1.7
1.3
4.1
0.3
0.8
0.6
0.0
3.2
0.0
2.5
1.0
1.4
0.9
1.0
0.8
0.9
0.4
3.5
3.8
0.0
1.9
0.9
1.7
1.0
0.8
0.7
0.9
0.7
2.8
4.2
0.0
3.1
1.9
2.0
1.6
1.1
0.9
0.8
1.2
0.0
0.0
2.8
1.9
1.1
1.9
1.4
0.8
1.0
0.8
0.7
0.6
0.4
0.0
2.3
1.4
2.4
1.4
0.8
0.8
0.7
0.6
0.3
0.5
2.5
1.6
0.8
1.2
0.9
0.9
0.8
0.9
0.7
0.4
0.5
1.4
2.4
1.3
2.2
1.5
1.2
0.9
0.6
0.7
0.5
0.6
2.1
2.8
1.7
2.4
1.2
0 .0
0.8
0.8
0.9
0.6
0.5
2.2
2.3
1.2
1.9
1.3
1.3
0.8
0.8
0.7
1.3
1.7
2.2
MEAN FOR RIVER BY DATE:
1.5 1.1 1.1 1.6 1.2 1.3 1.0 1.3 1.4
MEAN FOR CREEKS BY DATE:
3.2 3.7 3.5 2.8 0.5 1.1 0.8 1.1 1.1
1 - 8 REPRESENTS STATIONS SHOWN IN FIGURE 1.
R - RUSH CREEK, C - CLABBER CREEK, P - PONCA CREEK* 
0.0 - INDICATES NO SAMPLES COLLECTED.
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TABLE A7 (CONTINUED). CONCENTRATION OF MN IN BOTTOM SEDIMENT SAMPLES (ppm).
STATIONS
B C D E F G H I J MEAN 
FOR STATIONS
1 902.0 956.0 508.0 1137.0 682.0 704.0 925.0 1050.0 800.0 851.6
2 173.0 235.0 240.0 730.0 144.0 351.0 375.0 400. 0 550.0 355.3
3 400.0 250.0 280.0 521.0 442.0 634.0 625.0 550.0 562.0 47 3.8
4 278.0 180.0 400.0 676.0 303.0 325.0 450.0 325.0 312.0 361.0
5 292.0 288.0 152.0 333.0 179.0 161.0 600.0 250.0 250.0 278.3
6 162.0 185.0 190.0 214.0 303.0 128.0 375.0 200.0 125.0 209. 1
7 162.0 34 2.0 305.0 144.0 162.0 115.0 250.0 20 0.0 150.0 20 3.3
8 128.0 132.0 162.0 521.0 276.0 106.0 175.0 125.0 100.0 191.7
R 0.0 240.0 187.0 0.0 564.0 236.0 200.0 150.0 500.0 296.7
C 277.0 227.0 335.0 0.0 259.0 394.0 1825.0 600.0 312.0 528.6
P 0.0 0.0 0.0 1154.0 0.0 848.0 1250.0 450.0 437.0 827.8
MEAN FOR RIVER BY DATE:
312.1 321.0 279.6 534.5 311.4 315.5 471.9 387.5 356.1
MEAN FOR CREEKS BY DATE:
277.0 233.5 261.0 1154.0 411.5 492.7 1091.7 400.0 416.3
1-8 REPRESENTS STATIONS SHOWN IN FIGURE 1.
R - RUSH CREEK, C - CLABBER CREEK, P - PONCA CREEK.
0.0 - INDICATES NO SAMPLES COLLECTED.
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TABLE A7 (CONTINUED). CONCENTRATION OF ZN IN BOTTOM SEDIMENT SAMPLES (ppm).
STATIONS
B C D E F G H I J MEAN 
FOR STATIONS
1 70.0 58.0 58.0 61.0 49.0 53.0 37.0 90.0 88.0 62.7
2 42.0 58.0 78.0 52.0 25.0 53.0 39.0 90.0 245.0 75.8
3 79.0 58.0 78.0 68.0 61.0 83.0 98.0 90.0 145.0 84.4
4 48.0 49.0 58.0 53.0 58.0 48.0 34.0 115.0 195.0 73.1
5 42.0 54.0 33.0 35.0 21 .0 32.0 36.0 34 0.0 108.0 77.9
6 67.0 113.0 104.0 69.0 76.0 72.0 73.0 515.0 108.0 133.0
7 92.0 79.0 87.0 53.0 65.0 54.0 61 .0 340.0 170.0 111.2
8 343.0 430.0 350.0 172.0 183.0 92.0 98.0 1415.0 195.0 364.2
R 0.0 4050.0 2180.0 0.0 1871.0 1681.0 2148.0 4990.0 170.0 2441.4
C 136.0 500.0 365.0 0.0 500.0 166.0 273.0 640.0 2500.0 635.0
P 0.0 0.0 0.0 1457.0 0.0 1923.0 53.0 1140.0 375.0 989.6
MEAN FOR RIVER BY DATE:
97.9 112.4 105.8 70.4 67.3 60.9 59.5 374.4 156.8
MEAN FOR CREEKS BY DATE:
136.0 2275.0 1272.5 1457.0 1185.5 1256.7 824.7 2256.7 1015.0
1 - 8 REPRESENTS STATIONS SHOWN IN FIGURE 1.
R - RUSH CREEK, C - CLABBER CREEK, P - PONCA CREEK.
0.0 - INDICATES NO SAMPLES COLLECTED.
146
TABLE A7 (CONTINUED) . CONCENTRATION OF K IN BOTTOM SEDIMENT SAMPLES (ppm).
STATIONS
B C D E F G H I J MEAN 
FOR STATIONS
1
2
3
4
5
6
7
8
R
C
P
186.0
163.0
278.0
204.0
198.0
158.0
154.0
138.0
0.0
160.0
0.0
299.0
77.0
119.0
74.0
104.0
99.0
124.0
59.0
42.0
47.0
0.0
184.0
99.0
164.0
124.0
92.0
74.0
97.0
87.0
39.0
87.0
0.0
266.0
184.0
199.0
169.0
111.0
91.0
74.0
166.0
0.0
0.0
224.0
199.0
81 .0 
220.0 
150.0
82.0 
144.0 
109.0 
112.0 
156.0 
142.0
0.0
203.0
130.0
287.0
132.0
85.0
95.0
85.0
74.0
75.0
11.0
153.0
187.0
72.0
167.0
92.0
112.0
107.0
117.0
92.0
100.0
130.0
132.0
182.0
22.0
50.0
50.0
35.0
2.0
4.0
7.0
8.0
52.0
5.0
230.0
360.0
237.0
120.0
115.0
90.0
75.0
110.0
95.0
88.0
155.0
215.1
132.0
191.2
123.9
103.8
95.6
93.2
93.9
73.6
89.6
133.8
MEAN FOR RIVER BY DATE:
184.9 119.4 115.1 157.5 137.1 136.4 118.3 44.0 167.1
MEAN FOR CREEKS BY DATE:
160.0 44.5 63.0 224.0 149.0 79.7 120.7 21.7 112.7
1 - 8 REPRESENTS STATIONS SHOWN IN FIGURE 1.
R - RUSH CREEK, C - CLABBER CREEK, P - PONCA CREEK.
0.0 - INDICATES NO SAMPLES COLLECTED.
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TABLE A7 (CONTINUED). CONCENTRATION OF CA IN BOTTOM SEDIMENT SAMPLES (ppm).
STATIONS
B C D E F G H I J MEAN
FOR STATIONS
1
2
3
4
5
6
7
8
R
C
P
605.0
1302.0
740.0
990.0
9 28.0
990.0
740.0
2115.0
0.0
18230.0
0.0
970.0 
3380.0 
1460.0
887.0
1670.0
2300.0
2725.0
7300.0
9600.0
2500.0
0.0
640.0 
13700.0 
20 60.0 
3040.0
843.0
2290.0
34 00.0
6800.0
7080.0
33400.0
0.0
585.0
2010.0
2105.0
3035.0
1135.0
1443.0
785.0
3485.0
0.0
0.0
16235.0
1800.0
331.0
745.0
1035.0
610.0
2805.0
701 .0 
13637.0 
14507.0 
23781 .0
0.0
212.0
1128.0
1443.0
888.0
393.0
442.0
274.0
1193.0
16069.0
33238.0
10679.0
126.0 
1496.0 
20746.0
3246.0 
11121.0
1746.0
2996.0
2746.0 
12750.0 
*******
94 96.0
260.0
38 0.0
1870.0
395.0
1870.0
2995.0
285.0
6495. 0
16745.0
9995.0
280.0
3750.0
3750.0
870.0
900.0
1000.0
900 .0
2120.0
11125.0
18375.0
30 00.0
608.7
3053.0
3879.9
1598.4
2163.3
1779.0
1422.9
5099.0
12553.7
51345.6
9881.0
MEAN FOR RIVER BY DATE:
1051.3 2586.5 4096.6 1822.9 2708.0 746.6 5527.9 1818.8 1696.3
MEAN FOR CREEKS BY DATE:
18230.0 6050.0 20240.0 16235.0 19144.0 19995.3 46997.3 63078.3 10833.3
1-8 REPRESENTS STATIONS SHOWN IN FIGURE 1.
R - RUSH CREEK, C - CLABBER CREEK, P - PONCA CREEK.
0.0 - INDICATES NO SAMPLES COLLECTED.
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TABLE A7 (CONTINUED). CONCENTRATION OF PB IN BOTTOM SEDIMENT SAMPLES (ppm)
STATIONS
B C D E F G H I J MEAN 
FOR STATIONS
1
2
3
4
5
6
7
8
R
C
P
11 .0
4.0
9.0
7.0
7.0
8.0
7.0
6.0
0.0
10.0
0.0
15.0
7.0
10.0
5.0
6.0
6.0
8.0
6.0
7.6
14.0
0.0
9.0
8.0
17.0
11.0
5.0
4.0
6.0
6.0
4.6
14.0
0.0
0.2
2.0
18.0
0.1
0.3
0.6
1.0
2.0
11.0
10.0
0.0
15.0
11 .0
13.0
17.0
7.0
6.0
5.0
10.0
0.0
0.0
357.0
13.0
13.0
13.0
28.0
5.0
13.0
2.0
17.0
9.0
28.0
75.0
7.5
17.5
25.0
12.5
7.5
15.0
17.5
17.5
12.5
20.0
12.5
22.5
25.0
17.5
15.0
5.0
15.0
7.5
7.5
17.5
40.0
57.5
13.7
30.0
17.5
5.0
5.0 
15.0
12.5
7.5
27.5
5.0 
28.0
11.9
13.1
15.6
11.2
5.3
9.2
7.4
8.8
12.8
17.6
106.0
MEAN FOR RIVER BY DATE:
7.4 7.9 8.3 3.0 10.5 13.0 15.0 14.4 13.3
MEAN FOR CREEKS BY DATE:
10.0 10.8 9.3 10.5 357.0 37.3 15.0 38.3 20.2
1-8 REPRESENTS STATIONS SHOWN IN FIGURE 1.
R - RUSH CREEK, C - CLABBER CREEK, P - PONCA CREEK.
0.0 - INDICATES NO SAMPLES COLLECTED.
B-F Collection dates: B (5/22-23/73), C (6/9/73, D (6/24/73), E (3/12/74), F (5/22/74), 
G (6/17/74), H (8/21/74), I (12/21/74), J (3/26/75).
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Table A8. Comparison of x-ray fluorescent, hydrofluoric and aqua regia 
analyses of bottom sediment iron data. Values in weight percent.
Sample X-ray HF Aqua Reg i a
S5A
S8A
2S1A*(S8A)
2S2A*(S7A)
2S3A*(S6A)
2S4A*(S5A)
2S5A*(S4A)
2S6A*(S3A) 
2S7A(S2A)
2581A*(S11A)
2S82A*(3583A)
2S83A*(S11A)
3S81A
2.12
2.86
2.86
1.17
1.83
2.12
1.47
1.24
1.21
0.52
0.99
0.52
0.67
2.48
2.80
3.57
1.31
1.73
1.33
1.32
1.03
1.40
0.57
0.66
0.65
0.48
1.74 
2.03
3.53
1.01
1.37
0.95
1.01
0.75
0.94
0.36
0.44
0.39
0.29
* X-ray data for another sample ( ) collected at this site.
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Table A9. Analyses of suspended sediment in parts per billion (μq/lt of H2O).
E
le
m
en
t
C
ol
le
ct
io
n D
at
e 
*
S
ta
tio
n 1
B
ox
le
y
S
ta
tio
n 2
P
ru
itt
S
ta
tio
n 3
Ja
sp
er
S
ta
tio
n 4
H
as
ty
S
ta
tio
n 5
G
ilbe
rt
S
ta
tio
n 6
H
ig
hw
ay
 14 
B
rid
ge
S
ta
tio
n 7
B
uf
fa
lo
 Ri
ve
r
S
ta
te
 Pa
rk
S
ta
tio
n 8
R
us
h
C
la
bb
er
 Cr
ee
k
R
us
h C
re
ek
 
P
on
ca
 Cr
ee
k
Na F 
G
H
1
J
82
55
10
3.3
8
62
6
10
10
11
3
6
10
2.8
10
8
12
10
5
9
73
10
10
11.4
8
2
11.4
10
3.4
8
14
10
10
4.8
( 9)a
57
2
10
6.4
16.8
20
4
20.8
5.5
43
6
6
11
( 8)b
10
5
K F 
G 
H
1 
J
39.5
8
1
6.7
1.0
8
0.8
1
5
0.3
5
5.4
1
1.8
0.3
5
4
1
1.8
0.2
5
0.4
1
5.2
0.2
4
13.4 
1
3.6
0.2
3
0.4
1
2.6
(1.2)a
4.2
0.4
1
6.2
10.1
3
3
6.5
0.2
3
3
0.7
3 .
( 2)b 
1 
0.8
Ca F 
G 
H
1 
J
32
20
11
9
16
16
33
18
9
22
13
75
18
19
27
13
38
22
15
40
30
39
20
26
31
21
73
20
41
35
23
79
25
40
(45)a
29
35
38
35
41
15
29
17
29
10
28
15
12  
(34)b
25
30
Mg F 
G 
H
I 
J
8
9
4
6
3
14
4
3
4
3
8
6
3
5
6
8
5
4
6
7
15
4
3
7
6
9
4
3
10
7
10
5
3
9
(9)a
4
7
12
14
4
12
15
6
3
5
8
(3)b
2
3
Fe F 
G
H
I
J
133 
242
96
104
106
328
64
75
105
65
194
83
81
137
137
227
65
91
119
147
338
57
80
161
108
165
20
49
218
108
178
65
66
190
(80)a
143
34
70
175
11
15
14
17
33
15
25
27
76 
(105)b
75
125
(continued)
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Table A9. (cont'd). Analyses of suspended sediment in parts per billion (ug/lt. of H2O).
E
le
m
en
t
C
ol
le
ct
io
n D
at
e*
S
ta
tio
n 1
B
ox
le
y
S
ta
tio
n 2
P
ru
itt
S
ta
tio
n 3
Ja
sp
er
S
ta
tio
n 4
H
as
ty
S
ta
tio
n 5
G
ilb
er
t
S
ta
tio
n 6
H
ig
hw
ay
 14
 Br
id
ge
S
ta
tio
n 7
B
uf
fa
lo
 R
iv
er
S
ta
te
 Pa
rk
S
ta
tio
n 8
R
us
h
C
la
bb
er
 Cr
ee
k
R
us
h C
re
ek
P
on
ca
 Cr
ee
k
Co 
Cr 
Ni
Cu
Zn
F 
G 
H
1
J
F 
G 
H
1 
J
F 
G 
H
I 
J
F
G
H
I
J
F 
G
H
I 
J
2.0
1.0
0.3
I
0.6
0.5
3
4
1
12
0.5
29
11
1
1
0.7
1 .0
0.3
0.3
0.6
0.5
1
2
0.3
4
0.5
1
2
0.3
1
1
0.9
0.7
0.3
0.4
00.4
0.5
1.3
1.0
0.3
5
0.5
1
2
1
1
1
0.8
0.7
0.3
0.4
0.4
0.5
1.2
1.0
1
5
0.5
0.5
2
0.3
1
1
0.7
0.7
0.3
0.4
0.9
0.5
1.6
1.0
0.3
4
0.5
1
1
0.3
1
1
0.7
0.5
0.3
0.3
0.5
0.5
1
1
0.3
4
0.5
0.3
1
2
1
2
0.7
0.4
0.3
0.3
0.3
0.5
1
0.65
0.3
4
0.5
1
1
0.3
1
1
(0.7)a
0.45
0.3
(0.4)a
0.3
0.5
(4)a
0.7
0.3
( 4)a
0.5
(1)a
1
7
1
2
0.7
0.4
0.3
0.3
1
0.6
4
1
0.3
0.3
2
0.6
0.4
0.2
0.3
0.7
0.6
3
5
1
1
2
0.4
0.3
0.3
0.5
J
0.3
0.5
(2)b
1
3
(continued)
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Table A9.(cont*d). Analyses of suspended sediment in parts per billion (ug/lt. of H2O).
E
le
m
en
t
C
ol
le
ct
io
n D
at
e
S
ta
tio
n 1
B
ox
le
y
S
ta
tio
n 2
P
ru
itt
S
ta
tio
n 3
Ja
sp
er
i 1
S
ta
tio
n 4
H
as
ty
S
ta
tio
n 5
G
ilb
er
t
S
ta
tio
n 6
H
ig
hw
ay
 14
 B
rid
ge
S
ta
tio
n 7
B
uf
fa
lo
 R
iv
er
S
ta
te
 Pa
rk
S
ta
tio
n 8
R
us
h
C
la
bb
er
 Cr
ee
k
R
us
h C
re
ek
P
on
ca
 Cr
ee
k
Cd
Pb
Mn
Li
F 
G 
H
I
J
F 
G 
H
I 
J
F 
G 
H
I 
J
F 
G
H
I 
J
0.4
0.4
0.15
2.5
1
3
3.8
5.8
2.9
3.3
0.1
0.1
0.4
0.3
0.15
35
1
3
4.3
7.6
29c
3.9
2.2
0.1
0.1
0.1
0.5
0.2
0.15
1
0.8
2.4
2.8
4.3 
25c
1.5
3.0
0.1
0.1
0.1
0.4
0.2
0.15
1 
0.8
3
6.1
5.2
26c
1.2
4.2
0.1
0.1
0.1
0.4
0.2
0.15
3.4
0.9
3
7.0
11.6
5C
1.5
5.5
0.1
0.1
0.1
0.4
0.2
0.15
1
0.6
3
5.1
7.1
7C
1.0
8.5
0.1 
0.1 
0.05
0.4 
0.1
0.15
1
0.6
3
6.2
11.9 
9C 
1.0 
6.4
0.1
0.1
0.1
(0.4)a
0.13
0.15
(1)a
0.5
3
(6.8)a
6.7 
7C
1.8
8.1
0.1
0.1
0.1
0.4
0.1
1
2.3
1.2
0.8 
2c
1.0
0.1
0.02
0.4
0.13
0.6
0.5
2.1
1.1
1.5C
1.6
0.1
0.04
0.1
0.15
0.5
1
1.9
(11)b
0.7
2.6
(0.1)b 
0.1 
0.13
(continued)
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Table A9. (cont1d) Analyses of suspended sediment in parts per billion (pg/lt. of H2O).
E
le
m
en
t
C
ol
le
ct
io
n D
at
e*
S
ta
tio
n 1
B
ox
le
y
S
ta
tio
n 2
P
ru
itt
S
ta
tio
n 3
Ja
sp
er
S
ta
tio
n 4
H
as
ty
S
ta
tio
n 5
G
ilb
er
t
S
ta
tio
n 6
H
ig
hw
ay
 14
 Br
id
ge
S
ta
tio
n 7
B
uf
fa
lo
 Ri
ve
r 
S
ta
te
 Pa
rk
S
ta
tio
n 8
R
us
h
C
la
bb
er
 Cr
ee
k 
(
R
us
h C
re
ek
P
on
ca
 Cr
ee
k
Sr F 
G 
H
I 
J
0.4
0.7
0.7
0.4
0.6
0.7
0.4
0.8
0.7
0.4
0.4
0.7 
0 .4
0.5
0.7
0.4
0.4
0.7
0.4 
0 .4
0.7
0.4
0.4
0.7
0.7
0.7
0.2
(0.7)b
0.4
0.4
F-5/21-22/74, G-6/17/74, H-8/19-21/74, I-12/20-21/74, J-3/6/75.
a From Buffalo River near Rush, 0.2 mile above station 8.
b From Buffalo River 50 yards below Ponca Creek.
c These analyses are by the standard method of filtration through a O.45/*m filter and analysis of the retained 
material. These values were checked by analyzing filtered (0.45um) and unfiltered samples of water which 
were acidified with 8 drops of cone. HCl/100 ml. Acidification was after filtration in the case of the 
filtered samples. By the difference (A = Mn cone, in unfiltered samples minus Mn cone, in filtered sample), 
the concentration of suspended material was obtained. Standard values (S) are compared below to the ▲ values 
for stations 2 to 8 and three creeks.
Mn (ppb)
St 2 St 3 St4 St 5 St 6 St 7 St 8 Clabber 
Creek
Rush 
Creek
Ponca 
Creek
S 29 25 26 5 7 9 7 2 1.5 11
A 83 31 37 4 7 7 18 0 0 0
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Table A10. Water analyses in parts per billion
E
le
m
en
t
C
ol
le
ct
io
n D
at
e*
S
ta
tio
n 1
B
ox
le
y
S
ta
tio
n 2
P
ru
itt
S
ta
tio
n 3
Ja
sp
er
S
ta
tio
n 4
H
as
ty
S
ta
tio
n 5
G
ilb
er
t
S
ta
tio
n 6
H
ig
hw
ay
 14
 Br
id
ge
S
ta
tio
n 7
B
uf
fa
lo
 Ri
ve
r
S
ta
te
 Pa
rk
S
ta
tio
n 8
R
us
h
C
la
bb
er
 Cr
ee
k
R
us
h C
re
ek
P
on
ca
 Cr
ee
k
Na
K
Ca
Mg
E 
F 
G 
H
I 
J
E 
F 
G 
H
I 
J
E 
F
G 
H
I 
J
E 
F
G 
H
I 
J
860
976
973
934
1,084
666
797
775
527
639
5,100
8,000
11,500
7,300
5,300
862
1,120
1,040
1,035
919
1,240
1,105
1,110
2,200
1,160
1,297
796
853
880
1,170
660
715
21,800
20,000
37,000
39,000
22,400
22,000
1,460
1,950
2,250
4,200
1,970
1,900
950
1,312
1,390
3,500
1,340
1,582
860
895
1,240
665
700
15,800
24,500
37,000
42,000
25,000
20,000
1,300
1 ,700
1,740
2,900
1,670
1,485
1,030
1,242
1,250
2,120
1,310
1,457
822
872
918
1,080
696
690
18,800
23,500
44,000
42,000
28,300
27,000
1,312
2,000
2,250
3,850
2,090
1,884
1,170
1,242
1.250
1,830
1,250
1,452
802
847
872
1,040
.635
690
23,700
38,500
49,000
39,000
30,000
33,000
1,425
2,800
2,700
3,530
2,250
2,112
1,340
1,272
1,290
1,940
1,320
1,471
923
866
850
1,070
625
690
24,300
40,700
49,000
37,000
31,900
32,000
1,750
3,300
3,250
3,950
2,550
2,560
1,590
1,262
1,300
2,020
1,320
1,490
940
872
865
1,060
635
715
25,800
41,200
49,500
37,000
31,300
32,000
1,850
3,250
3,400
3,950
2,550
2,547
(1,260)a
(1,412)a
1,283 
2,000 
1,370 
1,466
(842)a 
(916)a 
865
1,080
707
725
(29,500)a 
(41,500)a
47,700 
36,000
33,700 
33,000
(2,930)a 
(3,350)a 
5,600 
4,720 
8,870 
4,623
1,045
1,070
1,200
1,214
900
820
1,020
705
52,500
62,000
38,000
54,000
28,000
27,100
25,600
25,600
1,132
1,370
1,030
1,249
853
805
966
700
52,500
63,000
48,000
45,000
9.600
10,500
8,400
7,100
1,120
1,280
(2,250)b
1,290
1,495
947
1,022
(1,340)b
792
824
28,500
56,500 
(38,000)b
41,700
42,000
2,300
3,550
(3,550)b
3,220
2,800
(continued)
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Table A10 (cont'd). Water analyses in parts per billion
E
le
m
en
t
C
ol
le
ct
io
n D
at
e*
S
ta
tio
n 1
B
ox
le
y
S
ta
tio
n 2
P
ru
itt
S
ta
tio
n 3
Ja
sp
er
S
ta
tio
n 4
H
as
ty
S
ta
tio
n 5
G
ilb
er
t
S
ta
tio
n 6
H
ig
hw
ay
 14
 Br
id
ge
S
ta
tio
n 7
B
uf
fa
lo
 Ri
ve
r
S
ta
te
 Pa
rk
S
ta
tio
n 8
R
us
h
C
la
bb
er
 Cr
ee
k
R
us
h C
re
ek
P
on
ca
 Cr
ee
k
Fe
Co
Cr 
Ni
E 
F 
G
H
I
J
E 
F 
G
H
I
J
E 
F 
G
H
I 
J
E 
F 
G
H
I 
J
41
21
13
19.3
11.3
2
2
4.0
9.3
2
2
2
2
4.0
8.0
1
2.2
40
11.5
7.0
16.0
14.4
27.7
2
2
2.0
2.7
3.6
2
2
3
2
2
3.0
7.0
3.0
1.5
0.1
31
11.5
8.0
8.0
6.8
3.9
2
2
5.0
2.6
3.4
2
2
1
2
2
3.0
7.0
2.0
3.3
0.7
36
9.5
3.0
5.0
6.8
2.8
2
2
5.0
2.2
3.6
2
2
1
2
2
6.0
6.0
2
2.1
2.2
30
8.0
4.0
6.0
4.9
1.1
2
2.0
4.0
2.9
3.6
2
2
2
2
2
2
4.0
4.0
2.1
2.2
30
10.0
6.0
4.0
3.0
54.3
6
2
4.0
2.8
2.9
2
2
1
2
2
2
6.0
2.0
3.6
1.0
27
10.0
3.0
4.0 
4.0
1
2
2
5.0
4.7
2.8
3
2
2
2
2
2
6.0
3.0
3.9
1.6
(16)a
(10.5)a
6.0
3.0
4.4
1
( 2)a
2
5
3.1
4.3
( 2)a
2
1
2
2
( 2)a
6.0
2.0
1.5
4.3
11.0
5.0
1
1.2
2
2
4.0
4.8
2
2
1
2
5.0
5.0 
2
1.9
7.0
6.0
1
5.5
2
2
5.0
5.7
2
2
1
2
2
6.0
2.0 
0
4.3
12
7.0
5.0 
(14.0)b
0.2
4.1
2.0
(6.0)b
3.6
3.4
2 
( 1)b
4.0
2
8.0
(3.0)b
1
2.8
(continued)
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Table A10 (cont'd). Water analyses in parts per billion
E
le
m
en
t
C
ol
le
ct
io
n D
at
e*
S
ta
tio
n 1
B
ox
le
y
S
ta
tio
n 2
P
ru
itt
S
ta
tio
n 3
Ja
sp
er
S
ta
tio
n 4
H
as
ty
S
ta
tio
n 5
G
ilb
er
t
S
ta
tio
n 6
H
ig
hw
ay
 14
 Br
id
ge
S
ta
tio
n 7
B
uf
fa
lo
 R
iv
er
S
ta
te
 Pa
rk
S
ta
tio
n 8
R
us
h
C
la
bb
er
 Cr
ee
k
R
us
h C
re
ek
P
on
ca
 Cr
ee
k 
1
Cu
Zn
Cd
Pb
E 
F
G
H
I
J
E 
F
G
H
I
J
E
F
G 
H
I
J
E 
F
G
H
I
J
8.0
1
1
0.3
3.5
6.0
4
12.0
10.4
4.6
2.0
1.7
1
1.0
0.3
10
6.5
3.0
0.8
5.3
4.0
1
1
1
1.8
0.8
4.0
4
102
2
15
0.9
1.0
1.2
1
1
0.7
0.3
4.0
5.5
8.0
3.0
4.0
8.8
5.0
1
2.0
1
1.6
1.0
12
163
90
8
74
0.3
1.0
1.2
1
1
0.7
.5
5.0
7.5
8.0
7.0
2.5
7.9
4.0
1
1
1
2.4
2.0
4
12
20
1
101
2.0
2.0
1
1
1
0.5
0.3
2.0
8.5
7.0
3.0
8.1
9.4
6.0
12
1.0
1
1.2
1.2
15
20
103
87
147
1.0
1.0
1.0
1
1
0.4
0.2
10
5.2
3.0
3.0
2.8
0.3
4.0
14
1.0
1
1.3
1.2
5
20
41
2
39
1.0
1.0
1.0
1
1
1
.5
3.0 
15.5
3.0
3.0
2
5.3
5.0
1
2.0
1
2.4
1.3
6
6
26
7
43
1.0
1.0 
2.0
1
1
1.0
1.6
1.0
7.7
4.0
3.0
9.5
2.1
(3.0)a
(1)a
1.0
1
3.0
1.0
(7)a
(9)a
15
3
348
1.6
(2)a
(1) a
1
1
.1
0.8
(2) a
6.0 
4.0
3.0
5.1
8.5
1
2.0
1
0.6
2
46
3
4.6
2
1
1
0.5
4.2
1.0
2
2.7
1 
2.0 
1
1.2
24.5
67
36
35.6
2
1
1
0.8
3.2
10
2.0
12.0
3
1
(1)b
2.4
1.1
10
106 
(3)b 
36
7.4
2
( 1)b
0.4
0.4
4.0
8.0 
(1.0)b
7.5
3.2
(continued)
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Table A10 (cont‘d). Water analyses in parts per billion
E
le
m
en
t
C
ol
le
ct
io
n D
at
e*
S
ta
tio
n 1
B
ox
le
y
S
ta
tio
n 2
P
ru
itt
S
ta
tio
n 3
Ja
sp
er
S
ta
tio
n 4
H
as
ty
S
ta
tio
n 5
G
ilbe
rt
S
ta
tio
n 6
H
ig
hw
ay
 14
 Br
id
ge
S
ta
tio
n 7
B
uf
fa
lo
 R
iv
er
 
S
ta
te
 Pa
rk
S
ta
tio
n 8
R
us
h
C
la
bb
er
 Cr
ee
k
R
us
h C
re
ek
P
on
ca
 Cr
ee
k
Mn
Li
Sr
E 
F 
G 
H
I
J
E 
F 
G
H
I
J
E 
F 
G 
H
I 
J
7.0
3.5
3.4
3.1
4.5
2
2
7
10
7.5
10.5
11.2
7.1
8.0
11.9
2
2
2
54
22
22
7.0
8.5
8.9
8.2
10.2
7.6
2
2
2
63
33
29
10.5
5.0
9.4
4.2
9.2
7.3
2
2
2
47
22
32
3.0
9.7
8.7 
17.0
6.2
6.7
1
2
2
47
29
38
5.0
5.0
5.2
7.3
5.6
6.3
1
2
2
51
29
45
9.0
6.7
5.0
8.2
8.4
6.7
1
2
2
60
33
35
(7)a
(11 )a
6.1
7.3
5.7
10.2
1
2
1
44
33
38
9.0 
7.0
5.7
9.3
1
3
32
35
2.0
4.0
4.2
6.4
1
2
35
29
3
6.0 
(29.3)b
4.5
6.7
(2)b
2
2
(48)b
18
32
* The letters in this column correspond to the following collection dates: E - 3/12/7**, F - 5/21-22/7**,
G - 6/17/74, H - 8/19-21/74, I - 12/20-21/74, J - 3/6/75.
a From Buffalo River near Rush Creek, 0.2 mile above station 8.
b From Buffalo River 50 yards below Ponca Creek,
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